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PAEAGRAPH8 FOR THE TEACHER 

The purpose of this book is to lead the pupil to an 
understanding of the vegetation of his neighborhood. 

There are four general subjects in the book: the 
nature of the plant itself; the relation of the plant 
to its surroundmgs; histological studies; determination 
of the kinds of plants. From the pedagogical point 
of view, the tWrd is the least unportant: the writer 
has inserted it because so many schools want it. Each 
of the subjects is practically distinct, so that the 
teacher may begin where he will. Few schools will 
desire to pursue all the four parts. 

The notes in small type at the ends of the chap- 
ters are intended as suggestions and to supply infor- 
mation to teachers: they are not necessarily for class 
use. The "Notes" suggest additional experiments and 
corollary observations. 

The schools and the teachers are not ready for the 
text-book that presents the subject from the view- 
point of botanical science. Perhaps it is better that 
the secondary schools attempt only to teach plants. 

A book may be ideal from the specialist's point of 
view, and yet be of little use to the pupil and the 
school. 

Every statement in an elementary text-book has 
two values, — the teaching value and the scientific 
value. An elementary text exists primarily for the 
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VI PARAGRAPHS FOR THE TEACHER 

purpose of teaching; and good teaching results in 
quickened perception rather than in accumulation of 
facts. 

The pupil should come at first to the study of plants 
and animals with Uttle more than his natural and native 
powers. Study with the compound microscope is a 
specialization to be made when the pupil has had 
experience, and when his judgment and sense of 
relationships are trained. 

One of the first essential conceptions to the study 
of natural history is the fact that no two things are 
alike. This leads to the understanding that every 
animal and plant contends for an opportunity to Uve; 
and this is the central fact m the study of Uving things. 
The world has a new meaning when this fact is 
understood. 

The ninety and nine cannot and should not be 
botanists, but everyone can love plants and nature. 
Every person is interested in the evident thmgs, few 
in the abstruse and recondite. Education should train 
persons to live, rather than to be scientists. 

Now and then a pupil develops a love of science 
for science's sake. He would be an investigator. He 
would add to the smn of human knowledge. He should 
be encouraged. There are colleges and imiversities in 
which he may continue his studies. 

In the secondary schools, botany should be taught 
for the purpose of bringing the pupfl closer to the 
things with which he Uves, of widening his horizon, 
of intensifying his hold on life. It should begin with 
famihar plant forms and phenomena. It should be 
related to the experiences of the daily life. It should 
not be taught for the purpose of making the pupil 
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a specialist: that effort should be retained for the few 
who develop a taste for special knowledge. It is often 
said that the high-school pupil should begin the study 
of botany with the lowest and simplest forms of life. 
This is an error. The microscope is not an introduc- 
tion to nature. It is said that ttie physiology of plants 
can be best understood by beginning with the lower 
forms. This may be true: but technical plant physiol- 
ogy is not a subject for the beginner. Other subjects 
are more important. 

The youth is by nature a generalist. He should 
not be forced to be a specialist. 



A great difficulty in the teaching of botany is to 
determine what are the most profitable topics for con- 
sideration. The trouble with much of the teachmg is 
that it attempts to go too far, and the subjects have 
no connection with the pupil's experience. 

Good botanical teaching for the yoimg is replete 
with human interest. It is connected with the common 
associations. 

The teacher often hesitates to teach botany because 
of lack of technical knowledge of the subject. This 
is well; but technical knowledge of the subject does 
not make a good teacher. Expert specialists are so 
likely to go into mere details and to pursue particu- 
lar subjects so far, when teaching beginners, as to miss 
the leading and emphatic points. They are so cogni- 
zant of exceptions to every rule that they qualify their 
statements until the statements have no force. There 
are other ideals than those of mere accuracy. In other 
words, it is more important that the teacher be a 
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good teacher than a good botanist. One may be so 
exact that his words mean nothing. But being a good 
botanist does not spoil a good teacher; and the ideal 
teacher is one who has careful knowledge and knows 
how to teach. 

An imperfect method that is adapted to one's use 
is better than a perfect method that cannot be used. 
Some school laboratories are so perfect that they dis- 
courage the pupil in making inquiries when thrown 
on his own resources. Imperfect equipment often 
encourages ingenuity and originaUty. A good teacher 
is better than all the laboratories and apparatus. 

Good teaching devolves on the personaUty and 
enthusiasm of the teacher; but subject-matter is a 
prime requisite. The teacher should know more than 
he attempts to teach. Every teacher should have 
access to the current botanical books. The school 
library should contain these books. By consulting the 
new books the teacher keeps abreast of the latest 
opinion and pomts of view. 



When beginning to teach plants, think more of 
the pupil than of botany. The pupil's mind and sym- 
pathies are to be expanded: the science of botany is 
not to be extended. The teacher who thinks first of 
his subject teaches science; he who thinks first of his 
pupil teaches nature-study. 

Teach first the things nearest to hand. When the 
pupil has seen the common, he may be introduced to 
the rare and distant. We Uve in the midst of common 
things. 

The old way of teaching botany was to teach the 
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forms and the names of plants. It is now proposed 
that only fimction be taught. But one cannot study- 
function inteUigently without some knowledge of plant 
forms and names. He must know the language of the 
subject. The study of form and function should go 
together. Correlate what a plant is with what it does. 
What is this part? What is its office, or how did it 
come to be? What are its relations? It were a pity to 
teach phyllotaxy without teaching light-relation: it 
were an equal pity to teach Ught-relation without 
teaching phyllotaxy. 



Four epochs can be traced in the teaching of ele- 
mentary botany: (1) The effort to know the names of 
plants and to classify. This was the outgrowth of the 
earUer aspect of plant knowledge, when it was neces- 
sary to make an inventory of the things in the world. 
(2) The desire to know the formal names of the parts 
of plants. This was an outgrowth of the study of gross 
morphology. Botanies came to be dictionaries of 
technical terms. (3) The effort to develop the powers 
of independent investigation. This was largely a result 
of the German laboratory system, which developed the 
trained specialist investigator. It emphasized the 
value of the compound microscope and other appa- 
ratus. This method is of the greatest service to botani- 
cal science and to mankind, but its introduction into 
the secondary schools is usually unfortimate. (4) The 
effort to know the plant as a complete organism hv- 
ing its own life in a natural way. In the beginning of 
this epoch we are now living. 
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There is a general protest against the teaching of 
*'big names" to pupils; but the pupil does not object 
to technical terms if he acquires them when he learns 
the object to which they belong, as he acquires other 
language. When a part is discovered, the name becomes 
a necessity, and is not easily forgotten. He should be 
taught not to memorize the names. The ''hard'' 
words of today are the familiar words of tomorrow. 
There are no words in this book harder than chrysan- 
themum, thermometer, and hippopotamus. 

The book should be a guide to the plant: the plant 
should be a guide to the book. 

Plants should not be personified or endowed out- 
right with motives; but figures of speech and para- 
bles may often be employed to teach a lesson or to 
drive home a point. 

Excite the pupil's interest rather than his wonder. 

The better the teacher, the less he will confine him- 
self to the questions at the end of the lesson. 

Botany always should be taught by the "laboratory 
method:" that is, the pupil should work out the sub- 
jects directly from the specimens themselves. It is 
easy, however, to carry the laboratory method too 
far. With beginners, it is rarely good teaching merely 
to set a yoimg pupil a task, expecting him to work 
it out. The pupil needs suggestions, help, and the 
enthusiasm mspired by a good teacher. 

Specimens mean more to the pupil when he collects 
them. 

No matter how commonplace the subject, a speci- 
men will vivify it and fix it in the pupil's mind. 

A living, growing plant is worth a score of herba- 
rium specimens. 
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Every opportunity should be taken to send the 
pupils to the fields to see the plants naturally as they 
grow. 

Remember that garden plants and field crops are 
as "botanical" and as well worth the attention of 
botanists as are wild plants. 



Many persons have aided in the making of this book 
as it has gone through its various editions. In this 
present revision the author has had the help of Lewis 
Knudson, Assistant Professor of Plant Physiology, and 
acting head of the department, in the New York State 
College of Agriculture at Cornell University, assisted 
by M. F. Barrus, Assistant Professor of Plant Pathology 
in the same institution, who have reviewed the work 
from first to last with much care. 

L. H. BAILEY. 

Ithaca, New Yobk, 
Mat 20, 1913. 
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PART I— THE PLANT ITSELF 



THE PLAMT AS A WHOLE 

1. A plant is a living, growing thing. It partakes of 
the soil and air and sunshine. It propagates its kind and 
covers the face of the earth. It has much with which to 
contend. It makes the moat of every opportunity. We 
shall leam its parts, how it lives, and how it responds. 

2. The Parts of a Plant— Our familiar plants are made 
up of several distinct partis. The most prominent of these 
parts are root, stem, leaf, flower, fruit and seed. {Fig, 2.) 
Familiar plants differ wonderfully in size and shape, — from 
fragile mushrooms, delicate water-weeds and pond-scums, 
to floating leaves, soft grasses, 

coarse weeds, tall bushes, 
slender climbers, gigantic 
trees, and hanging moss. See 
frontispiece. 

3. The Stem Part— In 
most of the familiar plants 
there is a main central part 
or shaft on which the other 
or secondary parts are bome. 
This m^ part is the plant 

axis. Above ground, in famil- '■ "^^ p"^ "^ * plant.— root, aMm, 

. leaves, pods {or Inut, (ollowinj the 

lar plants, the axis bears flown). Bnn. 
A (1> 
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the branches, leaves and flowers; below ground, it bears 
the roots. 

4. The rigid part of the plant, which persists over win- 
ter and which is left after leaves and flowers are fallen, is 
the framework of the plant. The framework is composed 
of both root and stem. When the plant is dead, the frame- 
work remains for a time, but it slowly decays. The dry 
winter stems of weeds are the upper part of the framework or 
skeleton of the plant. (Pigs. 3, 4.) The framework of trees 
is the most conspicuous part of the plant. 

6. The Root Part. — The root bears the stem at its apex, 
but otherwise it normally bears only root-branches. The 
stem, however, bears leaves, flowers and fruits. Those 
living surfaces of the plant that are most exposed to light 
are green or highly colored. The root tends to grow down- 
ward, but the stem tends to grow upward toward light. 
The plant is anchored or fixed in the soil by the roots. 

6. The Foliage Part — The leaves precede the flowers 
in point of time or in the life of the plant, although the flow- 
ers may come first in the season (note that peach trees 
bloom before they leaf). The flowers always precede the 
fruits and seeds. Many plants die when the seeds have 
matured. The whole mass of leaves of any plant or any 
branch is known as its foliage. 

7. The Plant Generation. — ^The course of a plant's 
life, with all the events through which the plant naturally 
passes, is known as the plant's life-history. The Ufe-history 
embraces various stages or epochs, as dormant seedy germi- 
nation, growth, flowering, fruiting. Some plants run their 
course in a few weeks or months, and some live for centuries. 

8. The entire Ufe-period of a plant is called a generation. 
It is the whole period from birth to normal death, without 
reference to the various stages or events through which 
it passes. 

9. A generation begins with the young seed, not with 
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LENGTH OF LIFE 



germination. It ends with death — that is, when no life is 
left in any part of the plant, and only the seed or spore 
remains to perpetuate the kind. In a bulbous plant, as a 
lily or an onion, the generation does not end until the bulb 
dies, even though the top is dead. 

10. When the generation is of only one season's duration, 
the plant is said to be anniuil. 
When it is of two seasons, it 
is biennial. Biennials usually 
bloom the second year. When 
of three or more seasons, the 
plant is perennial. Examples 
of annuals are pigweed, bean, 
pea, garden sunflower, maize; 
of biennials, evening primrose, 
mullein, teasel, parsnip, carrot; 
of perennials, dock, meadow 
grass, alfalfa, cat-tail, and all 
shrubs and trees. The bien- 
nial and perennial weeds 
are the most difficult to 
eradicate. 

11. Duration of the 
Plant Body. — ^Plant struc- 
tures that are more or less 
soft and that die at the 
close of the season are said 
to be herJmceouSy in contradistinction to being ligneous or 
woody, A plant that is herbaceous to the ground is called 
an herb; but an herb may have a woody or perennial root, 
in which case it is called an herbaceous perennial. Annual 
plants are classed as herbs. Examples of herbaceous per- 
ennials are buttercup, bleeding-heart, violet, water-lily, 
many grasses, dock, dandelion, goldenrod, asparagus, 
rhubarb, many wild sunflowers (Figs. 3, 4). 




3. Plant of a wild 
sunflower. 



4. Framework 
of No. 3. 
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12. Many herbaceous perennials have short generations. 
They become weak with one or two seasons of flowering 
and gradually die out. Thus common red clover begins to 
fail after the second year. Gardeners know that the best 
bloom of hollyhock, larkspur, pink, aod many other 
plants, is secured when the plants are only two or three 
years old, 

13. Herbaceous perennials that die away each season 
to bulbs, conns or tubers, are sometimes called pseud-anmiaU 
(that is, false annuals). Of such are lily, crocus, onion, 

potato. 

14. Plants that 
are normally peren- 
nial may become 
ajmual in a shorter- 
season climate by 
being killed by 
frost, rather than 
by dying naturally 
at the end of a 
season of growth. 
Such plants are 
called plur-annuaU 
in the short-season 
region. Many 
warm -region per- 

5. A ahrub or biiah. Dogwood oaier. ennials are plur- 

annuals when grown in the North, but they are treated as 
true annuals because they ripen sufficient of their crop the 
same season in which the seeds are sown to make them 
worth cultivating, as tomato, red pepper, castor-bean. 

15. Woody or ligneous plants are usually longer lived 
than herbs. Those that remain low and produce several 
or many similar shoots from the base are called shrubs, as 
lilac, rose, elder, osier. (Fig. 5.) Low and thick shrubs are 



6. A Tree. The weep: 
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bushes. Plants that produce one 
main trunk and a more or less 
elevated head are trees. (Fig. 6.) 

16. Plants are Modified by the 
Oniditions in Which They Grow. — 
In most plants, the size, form 
and general appearance vary or 
chai^ with the conditions in 
which the plant grows. That is, 
there is no uniform or necessary 
form into which all plants shall 
grow. No two plants are exactly 
alike. Observe plants of the same 
kind and age, and see how they 
differ or vary. The farmer and 
gardener can cause plants to be 

lai^e or small of their kind, by changing the conditions or 

circumstances under which they grow. 

17. No two parts of the some plant are exactly alike. 
No two parts grow in the same conditions, for one is nearer 
the main stem, one nearer the hght, and another has more 
room. Try to find two leaves or two branches on the same 
plant that are exactly alike. (Fig. 7.) 

18. Every plant makes an efEort to propagat* or to per- 
petuate its kind ; and 

so far as we can see, 
this is the end for 
which the plant itself 
lives. The seed or 
spore is the final pro- 
duct of the plant. 

19. Every plant, 
— and every part of 
a plant — undei^oes 

vicissitudes. Every 7. me™ «, no t™ i™cj.« uik.. 
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plant is so constituted as to withstand the diverse condi- 
tions of the circumstances in which it is placed. The plant 
contends for place in which to grow, and for air and light. 
Its life is eventful. Every plant, therefore, has a history. 

Revucw. — Of what parts is a plant composed? What is the axis? 
What parts are borne on the stem? On the root? On what part are the 
mostly highly colored parts found? What direction does the root take? 
The stem? How are plants anchored in the earth? In what order do 
the different parts appear? What is meant by the life-history? What 
are some of the stages or events in the life-history? At what point 
does a generation begin? When end? By what means does the next 
generation begin? What is an annual? Biennial? Perennial? Herb- 
aceous perennial? Pseud-annual? Shrub? Bush? Tree? Give three 
examples of each of these classes, not mentioning any given in the book. 
What is a plur-annual? Why are no two parts or plants exactly 
alike? What is the final effort of every plant? Why is the life of a plant 
eventful? 

Note. — ^The teacher may assign each pupil to one plant in the 
school-yard, field, garden, or in a pot, and ask him to bring out the 
points in the lesson. 



.^^iiiZ^?: 



;**e 



CHAPTER II 
THE ROOT 

20. Tba Root System. — The offices of the root are to 
hold the plant in place, and to absorb water and mineral 
substances. Not all roots, however, absorb water and mineral 
nutrients. 

21. The entire mass of roots of any plant is called its 
root system. The root system may be annual, biennial or 
perennial, herbaceous or 
woody, deep or shallow, 
large or small. 

22. Kinds of Roots. — 
A stroi^ leading central -«ia 
root, which runs directly 
downwards, is a tap-root 
The side or spreading roots are i 
smaller. Plants that have such 

system are said to be tap-i 

Examples are red clover, beet, turnip, 
radish, burdock, dandelion, alfalfa. 
(Fig. 8.) 

23. A fibrous root system is one that 
is composed of many nearly equal, slei- 
der branches. The greater number of 
plants have fibrous roots. Examples 
are many common grasses, wheat, oats, 
com, and most trees. The bean in 
Hg. 2 has a fibrous root system. 

24. Shape and Extent of the Root System.— The depth 
to which roots extend depends on the kind of plant and the 

(7) 
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nature of the soil. Of most plants the roots extend far in all 

directions and lie comparatively near the surface. The 

roots usually radiate from a 

common point just beneath 

the surface of the ground. 

25. The roots may be of 
considerable extent, ramify- 
ing in the soil, and often 
extending much farther in 
all directions than the spread 
of the top of the plant. 
Roots tend to spread farther 
in poor soil than in rich 
soil. The root has no such 
definite form as the stem has. 
Roots are usually very 
crooked, because they are 
constantly turned aside by 
obstacles. Examine roots in 
stony or gravelly soil. 
26. The extent of root 

S. Tba abundwit mots o( mai». Now . . .. ■ 

that the loot branohea an muoh man surface IS Usually very large, 

numeroua Uian the kaves. |^j, jj^^ absorbing rOOts are 

fine and very numerous. An ordinary plant of Indian com 
may have a total length of root (measured as if the roots 
were placed end to end) of h—"^-^'*" 
of feet. (Fig. 9.) 

27. The finest feeding root 
the richest soils. It is common!, 
that they are attracted by the 
QUtrientB of the soil. This is 
not strictly true. The roots 
may grow Unoard a supply of 
vmter. Notice that in a moist 

., .. . 1. _L ■ 10. The bracing buttreiMi of 

flou the roots are short; in a aseidp™. 
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dry soil they are usually long. Roots of the willow run into 

wells and drains and into the margins of creeks and ponds. 

Boots may frequently cause trouble by 

clogging drain-pipes. Grow plants m a 

long, narrow box, in one end of which 

the earth is kept very dry and in the other 

moist: observe where the roots grow. 

28. The absorbing surface of the roots 
is near their ends. As the roots become 
old and hard, they serve only as channels 
through which water and substances in 

solution pass, and as hold- 
fasts or supports for the 

plant. The root-hold of a 

plant is very stong. Slowly 

pull upwards on some plant, 

and note how firmly it is 

anchored in the earth. With 

the increase in diameter, the ! J 

upper roots often protrude ;| 

above the ground and be- i-^ 

come bracing bvitresses. |>j 
^^ . These buttresses are usu- •'^'" ••*•-=• 
of the radish, ally largest in trees that 
always have been exposed to strong winds. 
(Fig. 10.) 

29. The Root-hairs. — The larger part 
of the water and mineral nutrients ab- 
sorbed by the root is taken in through ^j^ 

rootrhairs. (Fig. 11.) These are very del- 
icate prolonged surface cells of the 
roots. They are borne for a short dis- 
tance just back of the tip of the root. 

30. The root-hairs are very small, 12. Aerui roots of 

-. . ..11 rrti J xT_ trumpet creeper or 

often mvisible. They, and the young teooma. 
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roots, are usually broken ofi when the plant is pulled up. 
They are best seen when seeds are germinated between 
layers of dark blotting-paper or flannel. On the young 
roots, they will be seen as a mould-like or gossamer-like 



13. Drooiiiiic ogmt roots of an anihid. 

covering. Koot-hairs soon die: they do not grow into roots. 
New hairs form as the root grows. 

31. Aerial Roots. — Although most roots grow in the 
earth, there are some that grow above ground. These usually 
occur on climbing plants, the roots becoming supports or 
fulfilling the office of tendrils. These atrial roots usually 
grow away from the light, and therefore enter the crevices 
and dark places of the wall or tree over which the plant 
climbs. The trumpet-creeper (Fig. 12), true or English ivy. 
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and poison ivy climb by means of roots. The roots often 
remain on the wall or other support after the plant is torn off. 
32. In some plants, all the roots are aerial; that is, the 
plant grows above ground, and the roots absorb water from 
the air and from the bark of the tree on which they grow. 
Such plants are known as epiphytes or air-plants (Chapter 
XV). The most familiar examples are some of the tropical 
orchids, which are grown in glasshouses. (Fig. 13.) 

33. Some plants throw out aerial rootB that propagate 
the plant or act as braces. The roots of Indian com are 



IE. A bmoyu tne in Indi*, ' 



fwniUar. (Fig. 14.) Many ficus trees, as the banyan of India 
(Big. 15), send out roots from their branches; when these 
roots reach the ground they take hold and become great 
trunks, thus spreading the top of the parent tree over large 
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areas. The mangrove tree (Fig. 16) of the tropica grows 
along seashores and sends down roots from the overhanging 
branches into the shallow water, and thereby gradually 

march^ into the sea. 

The tangled mass behind 

catches the drift, and soil 

is formed. 

Review. — Wiat is the 
root for? What la a root 
^^em? Define t&p - root. 
Fibrous root. What deter- 
mines how deep the root 
may go? How far does the 
root spread? Explain what 
form the root system may 
asBume; also what extent. 
Where is the greatest number 
of fine roots found? Where 
is the absorbing surface of 
roots? Of what use to the 
plant are the old woody roots? 
What are root-hairs? What 
le. MHDcovee muchina into die lu. do they do and what becomes 

of them? What are atrial 
roots? Where found? What are epiphytes, and where do their roots 
grow? What are brace roots? How do the banyan and mangrove spread 
(aside from seeds)? 

Note. — The pupil should see the root-hairs. A week before this 
lesson is studied, the pupil should place seeds of radish, turnip or cab- 
bf^ between folds of thick cloth or blotting-paper. Keep the cloth or 
paper moist and warm. The hairs show best against a dark back- 
ground. In some of the blotting-papers, sprinkle sand: observe how 
the rootr-hairs clii^ to the gruns (compare Chapter XII). 

The pupil also should study the root-hold of a plant. Let him care- 
fully pull up a plant. If a plant grows alongside a fence or other rigid 
object, he may test the root-hold by securing a string to the plant, 
letting the string hang over the fence and then adding weights to the 
string. Will a stake of similar size to the plant and extending no deeper 
in the ground, have such firm hold on the soil? 



CHAPTER III 

THE STEM 

34. The Stem System.— The stem of a plant is the 
part that bears the buds, leaves, flowers and fruits. Its office 
is to hold up these parts to the light and air; and through 
its tissues the various food-materials and nutrients iu solu- 
tion in water are distributed 
to the parts of the plant. 

35. The entire mass or fabric 
of stems of any plant is called 
its stem system. (Figs. 4, 17.) 
The stem system may be her- 
baceous or woody, annual, bien- 
nial, or perennial; and it may 
assume many different sizes and 
shapes. (Paragraphs 11 to 13.) 

36. Stems are of many forms. 
The general way in which a 

17. stem ayBtem of ui apple tree, plant gTOWE is Called itS habit. 

Dehuuescent trunk. ^j^^ habit Is the appearance or 

looks. Its habit may be open or loose, dense, straight, 
crooked, compact, straggling, climbing, erect, weak, strong, 
and the like. The roots and leaves are the important func- 
tional or working parts : the stem merely connects them, 
and its form is exceedingly variable, 

37. Kinds of Stems.- — The stem may be so short as to 
be scarcely distinguishable. In such cases the crown of the 
plant — that part just at the surface of the ground — bears 
the leaves and flowers; but this crown is really a very short 
stem. The dandelion (Fig. 8) is an example. Such plants 
(13) 
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are often s^d to be atemless, however, in order to distin- 
guish them from plants that have long or conspicuous 
stems. These so-called stemtess plants die to the ground 

ct vrhea they grow 
3, 9.) They are 
' when they run 
. (Fig. 18.) They 
they lop over to 
the ground. 
They are (Mcen<i- 
ing when they 
he mostly or in 
part on the 
ground but stand 
more or less up- 

18. A tniliiig plant (Abioiiia, amwo in Gowei-canlena). . . , , . > 

' nght at their 

ends. They are dimbing when they cling to other rising 
objects for support. (Fig. 12.) 

39. Trees in which the main trunk or the "leader" 
continues to grow from its tip are said to be excurrent in 
growth. The branches are borne along 

the mdes of the trunk, as in common 
pines (Fig. 19) and spruces. Excurrent 
means "running out" or "running up." 

40. Trees in which the main trunk 
does not continue are said to be ddiques- 
cent. The branches arise from one com- 
mon point or from eaeh other. The stem 
is lost in the branches. The apple tree 
(Fig. 17), maple, elm, oak, are famihar 
examples. Dehquescent means "dissolv- 
ing" or "melting away." 

41. Each kind of plant has its own 

peculiar habit or direction of growth. &piD>. 
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spruces always grow to a magle stem 

or trunk, pear trees are alwayB deli- 
quescent, morning-glories are always 

climbing, strawberries are always 

creepu^. We do not know why each 

plant has its own habit; but the habit 

is in some way associated with the 

plant's genealogy or with the way in 

which it has been obliged to hve. 

2. The stem 
be Hmple or 
eked. (Figs. 20, 
A simple stem 
Jly grows from 

tenninal bud, 20. ai„pte «,™ oi .«*um. 
dde branches either do not start, or, 
if they start, they soon pyerish. Mul- 
leins are usually simple. So are 
palms. 

43. Branched stems may be of 
very different habit and sh^e. 
Some st«m systems are narrow and 
erect: these are said to be strui. 
Others are diffuse, open, branchy, 
twi^y- 

44. Stems vs. Roots. — Roots 
sometimes grow above ground (31- 
33); 80, also, sterna sometimns gjcow 
undeiground, and they are then 
known as subterranean stems, rhi- 
zomes, or rootstocks. (Figs, 22, 23.) 

45. Stems normally bear leaves 
and buds, and thereby are they dis- 
tinguished from roots. The leaves, 

21. BrukdwdMsmofBiMfs. bowBver, may be reduced to mere 
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scales, and the buds beneath them may be 
scarcely visible. Thus the "eyes" on an Irish 
k-sr^ P******* *■* cavities with a bud or buds at the 
r---y bottom. (Fig. 24.) Sweet potatoes have no 
evident "eyes" when first dug {but they may 
develop buds before the next growing season). 
The Irish potato is a stem; the sweet potato 
is an enlarged root. 

46. How Stems Elongate. — Roots elongate 
by growing near the tip. Stems elongate by 
22. winuriwD, growing more or less throughout the yoimg or 
Bhowmg raototook. g^jj p^^^ ^^ "between joints." But any part 
of the stem soon 
reaches a limit be- 
yond which it cannot 
grow, or becomes ^ 
"fixed;" and the new " 
parts beyond elongate 
until they, too, become 
rigid. When a part of the stem once becomes fixed or hard, 
it never increases in length: 
that is, the trunk or woody 
parts never grow loiter or 
higher; branches do not be- 
come farther apart or higher 
from the ground. 

47. The different regions of 
growth in stems and roots 
may be observed in seedling 
plants. Place seeds of radish 
or cabbage between layers of 
blotting-paper or thick cloth. 
Keep them damp and warm. 
When the stem and root have 
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each, with waterproof ink mark spaces exactly one-quarter 
inch apart. Keep the plantlets moist for a day or two, and 
it will be found that on the stem aome or all of the marks 
are more than one-quarter inch apart; on the root the 
marks have not separated. The root has grown 
beyond the last apical mark. (Figa. 25, 26.) 

Review. — What ia the stem ByatemT What does 
the atem do? How long may the atem persist? 
is meaat by the habit of a plant? Name some 
cj habit. What are so-called etemlees plants? 
is the crown? What becomes of the tops of Bt* 
plants? What are erect, trailing, decumbent, aace) 
climbing Hteme? What are excurrent trunks? 
quescent? What is a simple stem? What are 
stems? What are subterranean stems? How are 
distinguished from 
roots? What ia the dif- 
ference in mode of 
growth between stems 



and roots? 

NoTii. — The pupil 
should make marks 
with waterproof ink (as 
Higgins' ink or indelible 
marking ink) on any 
soft growing stems — as 
geranium, fuchsia, grass, 
the twigs of trees. Note 
that the separation of 
the marks is most e 
dent OE 
shoots. 

The pupil should observe the fact that a stem of a plant has wonder- 
ful strengUi. Compare the proportionate height, diameter and weight 
of a grass stem with those of the slenderest tower or steeple. Which 
has the greater strength? Which the greater height? WhicJi will with- 
stand the most wind? Note that the grass stem will regain its position 
even if its top is bent to the ground. Split a cornstalk and observe how 
the joints are tied togeth^ and braced with fibers. Note how plants 
are weighted down after a heavy rain. 
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CHAPTER IV 

PROPAGATION BY MEANS OF ROOTS AND STEMS 

48, The primary function of roote and stems is to support 
and maintain the plant; but these parts may also serve to 
prop^ate the plant, or to produce new individuals. 

49. Propagation by Means of Rhi- 
zomes. — One function served by subter- 
ranean stems or rhizomes (rootstocks) is 
to propagate the species. Each stem has a 
bud at its end, and from this bud a shoot 
arises. By the dying away of the older 
part of the rhiaome, this shoot becomes 
a separate plant, although the rhizome 

' maintuns its connection for years in some 
plants. Shoots may also arise from the 
intermediate or lateral buds, but the 
stroi^est shoots usually arise from the end 
or near the end of the rhizome. (Fig. 23.) 

50. Each succeerave plant is farther 
removed from the original plant or the 
starting-point of the colony. Thus the 
colony or "patch" grows larger. Familiar 
examples are the spreading patches of 
mandrakes or may-apples, quack-grass 
(Fig. 27), Solomon's seal, lily-of-the-valley, 
ferns. Cannas propagate by means of 

rhizomes; so does gii^er, and 
the "roots" can be purchased 
at the drug-store. Fig. 28 
illustrates the spread of a 
(18) 





out the notBtook. 
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colony of wild sunflower. On the right 
the rhizomes have died away: note the 
frayed ends. On the left, the strong up- 
turned buds show where the shoots will 
arise next spring. The old stems in the 
middle show where the buds stood at the 
close of the last season. Fig. 23 shows one 
of the terminal buds, 

51. When rhizomes are cut in pieces, 

I each piece havii^ at least one bud or 

"eye," the pieces may grow when planted. 

A familiar example is the practice of 

dividing tubers of potato. A severed piece 

of plant designed to be used 

^__ to propagate the plant is 

^;3f a cuOing. See Fig. 29. 

52. Cuttings of rhi- 
zomes are often made 
undesignedly or accidentally when land is cultivated. The 
cultivator or *— 
row breaks 
the rhizomes 
quack-^ass, ( 
ada-thistle, ti 
flax, and ot 
weeds, and e 
tersthem over 
the field. 

53. Pnqm- 
gatioa by 
Means of 
Roots . — 
Boots some- 
times devdop 

buds and as. Cuttmn of ovum rbUoms. 



3. Craeping riiiiomea of wild sunflower. 
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throw up shoots or new plantB. Severed roots often grow. 
Blackberries, raspberries, and many plums and cherries, 
throw up shoots or "suckers" from the roote; and this 
propensity is usually increased when the roots are broken, 
as by a plow. Broken roots of apples often sprout. Plants 
may propagate by means of root-cuttings. 

54. OccEBional Buds. — The buds that appear on roots 
are unusual or abnormal, — they occur only occasionally and 
in no definite order. Buds appearing in unusual places on 
any part of the plant are called adu^dUious buds. Such are 
the buds that arise when a large limb is cut off, and from 
which suckers or watersprouts arise, as on the apple tree. 

55. Layers. — Roots sometimes 
arise from aerial stems that are 
partially buried. If a branch 
touches the ground and takes 
root, it is called a layer. Gar- 
deners often bend a limb to the 
g*ound and cover it for a short 
distance, and when roots have 
formed on the covered part, the 
branch is severed from its parent 
and an independent plant is 
secured. See Fig. 30. 
66, There are several kinds of layers: a creeper, when a 
trailing shoot takes root throughout its entire length; a 
runner, when the shoot tnuls on the ground and takes root 
at the joints, as the strawberry; a stokm, when a more or less 
strong shoot bends over and takes root, as the black rasp- 
berry or the dewberry (Fig. 30); an offset, when a few very 
strong plants form close about the base of the parent, par- 
ticularly in succulent or bulbous plants, as house-leek 
(old-hen-and-chickens) and some lilies. The rooting branches 
of the banyan and mangrove (Figs. 15, 16) may be likened 
to layers. 
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57. Natural Cuttings. — Sometimes cuttings occur with- 
out the aid of man. Some kinds of willows shed their twigs, 
or the storms break them off: many of these twigs take 
root in the moist earth where willows grow, and 
they are often carried down the streams and are 
washed along the shores of lakes. Observe the wil- 
lows along a brook, and determine whether any of 
them may have come down the stream. 

58. Propagation by Means of Leaves. — 
Even leaves may take root and give rise to 
new plants. There are examples in warm 
I countries. The lake-cress of northern streams 
*also propagates in this way: the leaves with 
little plants attached may often be seen float- 
ing down stream. Gardeners propagate some 
LHp.. uyr- kinds of begonias by means of leaf -cutting; 
also gloxinias and bryophyllums. (Paragraph 69.) 

59. Propagation by Means of 
Buds. — Buds often become detached 
and propagate the plant. Familiar 
examples are the bulblets of tiger 
lilies, borne amongst the folit^; for 
all bulblets and bulbs are only 
special kinds of buds. Fig. 31. 
Some water plants make heavy 
winter buds, which become de- 
tached on the approach of cold 
weather and sink to the bottom. 
In spring, they give rise to new 
plants. 

60. Grafts. — Sometimes a plant 
may unite with another plant. A 
branch or a trunk may He against 
another plant of the same kind, or of 

ft very closely related kind, and grow 32. a nativa «»«. 
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fast to it; and if its original trunk die away, the part will 
be growing on an alien root. A branch that grows fast 
to a branch of another plant, the wood of the two knitting 
together, is called a graft, (Fig. 32.) It is necessary to dis- 
tinguish between a graft and a parasite: a parasite preys 
upon another plant, robbing it of its food, but a graft becomes 
an integral part of the stock on which it grows, and. does 
its full work in elaborating food for itself and for the stock. 

Review. — ^What are primary and secondary functions of roots and 
stems? What are the functions of rhizomes? How does propagation 
by rhizomes proceed? Why does the colony spread? Name some plants 
that propagate by means of rhizomes. What is a cutting? May cuttings 
be made of rhizomes? How are rhizomatous weeds often spread? 
Name some of them. How do roots serve to propagate the plant? Name 
instances. What are adventitious buds? What is a layer? Define some 
of the kinds of layers, — runner, creeper, stolon, offset. Explain how 
cuttings may occur without the aid of man. How may leaves serve 
to propagate the plant? Explain how plants propagate themselves by 
means of detachable buds. What is a graft? How may grafting take 
place without the aid of man? 

Note. — If there is an accessible "patch" of toad-flax, Canada 
thistle, may-apple, or other perennial plant, the pupil should determine 
by what means it enlarges from year to year. "Patches" are always 
instructive when considered with reference to propagation and dis- 
semination. 



CHAPTER V 



HOW THE HORTICULTURIST PROPAGATES PLANTS BY 
MEANS OF ROOTS AND STEMS 

61. Cuttings in General,-^A bit of plant stuck into the 
ground stands a chance of growing; and this bit is a cutting. 
(Compare 51.) Not all plants can be propagated by the same 
kind of cutting. The means is determined by experiment or 
experience. In some cases the part to be used and the con- 
ditions necessary for growing the cutting have not been dis- 
covered, and we say that the plant is not propagated by 
cuttings. It is probable that Some plants cannot be grown 
from cuttings, even under the greatest skill. 

62. Most plants propagate from cuttings made of the 
soft or growing parts (called "wood'' by gardeners), of which 
the "slips'' of geranium and coleus are examples. Others 
grow equally well from cuttings of the hard or mature 
parts or wood, as currant and grape; and in some instances 
this mature wood may be of roots, as in the blackberry. 
Pupils should make cuttings now and then. If they can 
do nothing more, they can make cuttings of potato, as the 
farmer does; and they can plant them in a 
box ih the window. 

63. The Softwood Cutting.— The soft- 
wood cutting is made from tissue that is 
still growing, or at least from that which 
is not dormant. It comprises one or two 
joints, with a leaf attached. (Figs. 33, 
34, 35.) It must not be allowed to wilt. 
Therefore, it must be protected from 
direct sxmlight and dry air imtil it is well 

(23) 




33. Geranium cutting. 
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establlBhed in the earth; and if it has many leaves, some of 
them should be removed, or at least cut in two, t« reduce 
the evaporating surface. Most of the common window-plants 
may be propagated 
^^ easily by means of 

^^ ■ ^ oT ^w^^T — ^ ioftwood cuttings 

fll# 1 r' 'llSffiRk 64. For most 

"" plants, the proper 

'■■ Ro-'utti^ age or maturity of 

wood for the makii^ of cuttings may be 
determined by giving the twig a quick 
bend: if It snaps and hangs by the bark, it 
is in proper condition; if it bends without 
tweaking, it is too young and soft or too old; if it splinters, 
it is too old and woody. The tips of strong upright shoots 
usually make the best cuttings. Preferably, each cutting 
should have a joint or node near its base; and if the inter- 
nodes (or spaces between joints) are very short, it may 
comprise two or three joints. - 

65. The stem of the cutting is inserted one-third or more 
its length in clean sand or gravel, and the earth is pressed 
firmly about it. A newspaper may be laid over the bed to 




80. Cutting-bed, abowiDi 
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exclude the light — if the sun strikes it — and to prevent 
too rapid evaporation. The Boil should be moist clear 
through, not on top only. 

»6. Loose sandy or gravelly aoil is 
used. Mason's sand is good earth in 
;> which to start most cuttings; or fine 
gravel— sifted of most of its earthy 
matter — ^may be used. Soils that con- 
tain much decaying organic matter are 
avoided, for these soils are breeding- 
places of fungi, which attack the soft 
cutting and cause it to "damp off," or 
die at or near the surface of the ground. If the cuttings are 
to be grown in a window, put three or four inches of the 
earth in a shallow box or a pan. A soap box cut iu two 
lengthwise, so that it makes a box four or five inches deep 
— like a gardener's flat — is excellent. A cutting-bed may 
be made on a greenhouse bench or in a good shaded window, 
as in liHg. 36. Cuttings of 
common plants, as gera- 
nium, coleus, fuchsia, carna- 
tion, are kept at a living- 
room temperature. As long 
as the cuttings look bright 
and green, they are in good 
condition. It may be a 
month before roots form. 
When roots have formed, 
the plants be^n to make 
new leaves at the tip. Then 
they may be transplanted 
into other boxes or into 
pots. The verbena in Fig. 

37 IS just ready for trans- as. oid lersjuum pisnt mi back to 
planting. S!^e^"te^e.'^'"'* '""" "^"^ """ 
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67, It is not always easy to find growing shoots from 
which to make the cuttii^. The best practice, in that 
case, is to cut back an old plant, then keep it warm and well 
watered, and thereby force it to throw out new shoots. The 
old geranium plant from the window-garden, or the one 
taken up from the lawn bed, may be treated this way. 
See Fig. 38. The best plants of geranium and coleus and 
most window-plants are those that are not more than one 
year old. The ge- 
ranium and fuchsia 
cuttings that are 
made in January, 
February, or 
March will give 
compact blooming 
plants for the next 
winter; and there- 
after new ones 
take their places. 
(Fig. 39.) 

68. The Hard- 
wood Cutting. — 
Best results are 
secured when the 

39. Eaily winter pi«nLum, from « spring mitlins. gUttingS aTC made 

in the fall and then buried until spring in sand in the cellar. 
These cuttings are usually 6 to 10 inches long. They are not 
idle while they rest. The lower end calluses or heals, and 
the roots form more readily when the cutting is planted in 
the spring. But if the proper season has passed, take cut- 
tings at any time in winter, plant them in a deep box in the 
window, and watch. They will need no shading or special 
care. Grape, currant, willow and poplar readily take root 
from the hardwood. Fig. 40 shows a currant cutting. It has 
only one bud above the ground. 
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(69. Cuttings of Leaves. — Some plants 
are regularly prop^ated by lec^f-cuUings. 
See paragraph 58, Begonias of the "foliage" 

kinds are the most frequent examples. 
Sometimes the leaf is cut to wedge-shaped 
parts, each part with a midrib and a bit of 
the leaf-stalk; from the point which is put 
in the earth a new plant arises, as shown 
in Fig. 41. Gardeners often cut the begonia 
leaf across and set the severed ec^e in the 
earth; sometimes they lay the leaf flat on 
the earth and peg it down at intervals. 
The leaf should be nearly or quite mature, 
but still full of vigor. 

70. The Graft— When the cuttii^ is 
inserted in a plant rather than in the soil, 
we have a graft; and the graft may grow. 
In this case the cutting grows fast to the 
*o.curi«.tcutti,«. other plant, and 
the two become 

one. When the cuttii^ is inserted 

in a plant, it is no longer called a 

cutting, but a don; and the plant 

in which it is inserted is called the 

stock. Fruit trees are grafted in 

order that a certain variety or kind 

may be perpetuated. 

71. Plants have preferences as 

to the stocks on which they will 

grow; but we can find out what 

their choice is only by making the 

experiment. The pear grows well 

on the quince, but the quince does 

not grow so well on the pear, ihe ofbecoDiaor"beefel«skcersii- 

pear grows on some of the haw- '^^ «^ti^ '™In'urB^^^ 
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tbome, but it is au unwilling subject on the apple. Tomato 
plants will grow on potato plants, and potato plants on 
tomato plants. When the potato is the root, both tomatoes 
and potatoes may be produced; when the tomato is the 
root, neither potatoes nor tomatoes will be produced. Chest- 
nut will grow on some kinds of oak. 

72. The forming, growing tissue of the stem (on the plants 
we have been discussing) is the cambium, lying on the out- 
side of the woody cylinder, beneath the bark. In order that 
union may take place, the cambium of the cion and of the 



*2. Cion of apple. 43. The cton ioHrted. *i. The parts waied. 

stock must come together. Therefore the cion is set in the 
side of the stock. There are many ways of shaping the cion 
and of preparing the stock to receive it. These ways are 
dictated largely by the relative sizes of cion and stock, 
although many of them are matters of mere personal prefer- 
ence. The underlying principles are two: securing close 
contact between the cambiums of cion and stock; covering 
the wounded surfaces to prevent evaporation and to pro- 
tect the parts from disease. 

73. On large stocks, the commonest form of grafting ia 
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the defi-graft. The stock is cut ofif and split; and in one or 
both sides a wedge-shaped cion is firmly inserted. Fig. 42 
shows the cion; Fig. 43, the cions set in the stock; Fig. 44, 
the stock waxed. It will be seen that the lower bud — ^that 
lying in the wedge — ^is covered by the wax; but being nearest 
the food supply and least exposed to weather, it is the most 
likely to grow: it will push through the wax. 

74. Cleft-graftmg is performed m spring, as growth 
begins. The dons are cut previously, when perfectly dor- 
mant, and from the the tree which it is desired to propagate. 
The cions are kept in sand or moss in the cellar. Limbs of 
various sizes may be cleft-grafted, — ^from one-half inch up 
to four inches in diameter; but a diameter of one inch is the 
most convenient 'size. All the leading or main branches of 
a tree-top may be grafted. If the remaining parts of the 
top are gradually cut away and the cions grow well, the 
entire top will be changed over to the new variety. 

Review. — ^How do we determine how a plant may be propagated? 
Mention any plants that grow from cuttings. What are softwood 
cuttings? Hardwood? Describe a geranium cutting. What is the proper 
condition of wood for making a softwood cutting? How is it planted? 
Where? In what kind of soil? Give directions for watering. How may 
cutting-wood be secured? Describe a hardwood cutting. When is it 
made? Name plants that can be propagated easily by means of hard- 
wood cuttings. Describe a leaf -cutting. What is a cion? Stock? How 
do we find out what stocks are congenial to the cion? Describe a cleft- 
graft. When is cleft-grafting performed? Why do we graft? 

Note. — ^The cutting-box may be set in the window. If the box 
does not receive direct sunlight, it may be covered with a pane of 
glass to prevent evaporation. Take care that the air is not kept too 
close, else the damping-off fimgi may attack the cuttings, and they 
will rot at the surface of the groimd. See that the pane is raised a 
little at one &id to afford ventilation; and if water collects in drops on 
the imder side of the glass, remove the pane for a time. 

Grafting-wax is made of beeswax, resin, and tallow. The hands 
are greased, and the wax is then worked until it is soft enough to spread. 
For the little grafting which any pupil would do, it is better to buy the 
wax of a seedsman. However, grafting is hardly to be recommended 
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as a general school diversion, as the making of cuttings is; and this 
account of it is inserted chiefly to satisfy the general curiosity on the 
subject. But now and then a pupil may make the effort for himself, 
for nothing is more exciting than to make a graft grow all by one's self. 

The pictures of the cuttings (Figs. 33-35, 37, 40) and the grafts 
(Figs. 42-44) are one-third natural size. 

The many forms of grafting and budding are too special for dis- 
cussion in this book. Descriptions of them may be found in '^The 
Nuraery-Book'' and other works. 



CHAPTER VI 

' FOOD RESERVOIRS 

75. Storehouses. — All greatly thickened or oor^ested 
parts are reservoirs for the storage of plant-food. This 
food is mostly starch or sugar. Potatoes, beets, turnips, 
thick rhizomes, seeds, are examples. Recall how potatoes 
sprout in the cellar (Fig. 45) : the sprouts are produced from 
the stored food. 

76. The presence of starch can be determined by apply- 
ing diluted tincture of iodin to the part: if a blue or purplish 
brown color appears, starch is present. Cut the part open and 
moisten the fresh sur- 
face with iodin {to be 

had at the drug store) . 
The test will usually 
give the best reaction 
when the part is per- 
fectly dormwit. Starch 
may be found in 
nearly all twigs in fall 
and winter. Test thin 
cross-sections. 

77. This stored 
plant-food enables the 
plant to start quickly 
in the spring, without 
w^ting for food elab- 
oration to begin in the 
leaves; and it enables 
the plantlet in the ^^o!^ 
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seed to grow until it establishes itself in the earth. The flow- 
ers of early-blooming trees are developed mostly from the 
nourishment stored In the twiga, not from the materials 



atcacbcd to the tree outside. 

taken in at the time by the roots, nor from food being made 
by the newly forming leaves. This can be demonstrated 
by bringing branches of peach, apple, and other early- 
blooming plants into the house in the winter and keeping 
them in water; they will bloom and sometimes even make 
leaves. Study Fig. 46. 

78. Kinds of Storage-organs. — Short and 
much thickened or swollen parts of roots or 
stems are known as tub^s. These may be 
stem-tvbers, as the potato, or root-tubers, as 
the sweet potato (45). Most tubers are sub- 
terranean. 

79. Many tubers are stem at the top and 
root in the remaining part: these are called 
crovm-tvb^s, because the upper part comes 

wn-t be — ** ^^^ surface of the ground, or is a crown. 
iwnip. Leaves and stems arise from the upper part. 
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Beet, radish parsnip, turnip, salsify, carrot, dahlia roots, 
are examples. These tubers are usually much longer than 
broad, and generally taper down- 
wards. (Fig. 47.) A good example of 
stem-tuber is the kohlrabi. (Fig. 48). 



80. A much thickened part composed of scales or plates 
is a bulb. The bulb may be scaly, as in the lily; or it may be 
iunicaied, — loade up of plates or layers within layers, as 
the onion. 

81. Small bulbs borne amongst the foliage or flowers 
are known as bvMels. 

Such are the "top onions," 

and the little bulbs that | 

the tiger lily (Fig. 31) I 

bears on its stem. Bulbs i 

that grow around the main 1 

bulb or which are formed 

by the breaking apart of 

the main bulb, are known 

as bvJbds. Many bulbous 

plants propagate by means ta. seotkm -a*, multiplier odIod. Natu™i ^». 
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of bulbels. The multiplier or potato onion (Fig. 49) is an 
example. If the bulb is cut across, it is found to have two 
or more "hearts" or cores (Fig. 50). When it has been 
planted a week, each core 
or part begins to separate 
(Fig. 51), and there are 
soon as many onions as 
there are cores. Potato 
onions can be bought of 
seedsmen. They are used 
for the raising of early 
onions. 

82. SoUd bulb-like parts 
are known as corma. These 
usually have a loose cover- 
ing, but the interior is not 
ii. BesiDiiinc to Hpuate into its pirts. made up of scales or plates. 

Esoh part will be a littls onion. ,-.-1. . j- 1 j 

Of Buch are gladiolus and 
crocus corms. (Figs. 52, 53.) Corms multiply by cormela or 
small corms, as bulbs do by bulbels; or the plant may bear 
cottnlets amongst the branches and foli^e. Fig. 54 shows 
an old gladiolus corm on which three new corms have grown. 
S3. We have seen that thickened parts may serve one 
or both of two purposes : they may be storage-organs for 



fiS. Seation of •ormnu <x 
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food; they may be means of propagating the plant. The 
storage of food carries the plant over a dry or cold season. 
By making bulba or tubers, the plant persists until spring. 
Future growth is, therefore, pro- 
vided for by the storage. Bulbous 
plants are characteristic of many 
dry countries. 

Review. — What do you understand 
by food reservoirs? How is the presence 
of starch determined? Where may starch 
be found? Of what service to the plant is 

this stored food? How are the flowers and "■ ^^o^^^^^^™ " 
leaves enabled to start so early in sprii^? 

Define tuber. Root-tuber. Stem-tuber. Crown-tuber. Give examples. 
Define bulb. Scaly bulb. Tunicated bulb. Bulblet. Bulbel. Give 
eicamples. - Define conn. Cormel. What two purposes do coi^ested 
parts serve? 

Note. — The pupil should eicamtne various kinds of bulbs and 
tubers. If these are not at hand, many kinds can be purchased of 
seedsmen or florists. Secure onion, narcissus, hyacinth, gladiolus, 
crocus, potato. Cut them in two. Study the make-up. Test them 
for starch. Plant some of them in pots or boxes. Observe bow they 
grow. In the onion and some other plants, most of the stored food is 
sugar. Place a potato tuber in a tumbler or cup in a window so that 
the bottom of the tiAer will be in the water. 



CHAPTER VII 

WINTER BUDS 

84. What Buds Are. — ^Because of cold or dry weather, 
the plant is forced mto a period of inactivity. We have 
seen that it stores food, and is ready to make a quick start 
in the spring. It also makes embryo branches and packs 
them away midemeath close-fitting scales: these branch- 
lets and their coverings are winter buds. The growing 
points of the plant are at rest for a time. In the warm 
season, the growing point is active, and the covering of 
scales is not so pronounced. A winter bud may be defined 
as a resting covered growing point. 

85. A resting bvdy therefore, is a shortened axis or branch, 
bearing miniature leaves or flowers, or both, and protected 
by a covering. Cut in two, lengthwise, a bud of the horse- 
chestnut or other plant that has large buds. With a pin, 
separate the tiny leaves. Count them. Examine the big 

bud of the rhubarb as it Ues under 
the ground in wmter or early spring. 
Dissect large buds of the apple and 
and pear. (Figs. 55, 56.) 

86. The bud is protected by firm 
gg and dry scales; but these scales are 

Bud of apri- only modified leaves. The scales 

cot showing _ , ^ j. r i j • j. . j ^* ^^d o^ P^^ 

the minia- nt ClOSC. Utten the DUCl IS protected showing both 

ture leaves, ^^y ^amish (see horsc-chcstnut and ^^;^. *T°ht 
the balsam poplars). Most winter buds are latter are the 

^ little knobs in 

more or less woolly. Examine them under the center, 
a lens. As we might expect, bud-coverings are most prom- 
inent in cold and dry climates. 

(36) 
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87. Where Buds Are. — Buds are borne in the axils 
of the leaves, — ^in the acute angle that the leaf makes with 
the Btem. When the leaf is grow- 
ing in the summer, a bud is form- 
ing above it. When the leaf falls, 
the bud remains, and a scar marks 
the place of the leaf. Fig. 57 
shows the large leaf-scars of ailan- 
thus. Observe those on the horse- 
chestnut, maple, apple, pear, bass- 
wood, hickory, or any tree or bush. 
88. Sometimes two or more buds 
are borne in one axil: the extra 
ones are accessory or supernumerary as. Tormi- 
buds. Observe them in the Tar- between 
57. Leaf-Biuii.— tarfan honeysuckle {conmaon in bud" — 
AiiBQthus. yards), walnut, butternut, red '"™'"- 
maple, honey locust, and sometimes in the apricot and 
peach. 

89. Shoots of many plants bear a bud at the tip: this 
is a terminal bud. It continues the growth of the axis in 
a direct line. Very often three or more buds are clustered 
at the tip (Fig. 58); 

and in this case there 
may be more buds than 
leaf-scars. Only one of 
them, however, is strictly 
terminal. 

90. Bulbsand cabbage 
heads may be likened 
to buds: that is, they 
are condensed stems, 

with scales or modified 59. A ei«"i>tie bud.-c«bbw- 

leaves densely overlapping and forming a rounded body. 
(Fig. 59.) They differ from true buds, however, in the fact 
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Fniit- 



62. 
The open- 
ing of 
the pear 
bud. 



that they are condensations of main stems rather than 
embryo stems borne in the axils of leaves. But bulblets 
may be scarcely distinguish- 
able from buds on the one 
hand and from bulbs on the 
other. Cut a cabbage head in 
two lengthwise, and see what 
it is like. 

91. What Buds do.— A bud 
is a growing point. In the 
growing season it is small, 
and persons do not notice it. 
In the winter it is dormant 
and wrapped up and is plainly ^"""^ *"* ^*®"- 
seen: it is waiting. All branches spring from 
buds. 

92. All winter buds give rise to branches, 
not to leaves alone: that is, the leaves are borne 
on the lengthening axis. Sometimes the axis, 
or branch, remains very short, — so short that it 
may not be noticed. Some- 
times it grows several feet 
long. 

93. Whether the 
branch grows long 
or not depends on 
the chance it has, 

— position on the plant, fertility 

of soil, rainfall, and many 

other things. The new shoot is 

the unfolding and enlarging of 

the tiny axis and leaves that 

we saw in the bud. (Figs. 55, 

56.) If the conditions are congenial, the shoot may form more 

leaves than were tucked away in the bud, but commonly 



60. Willow. 
The "pus- 



sies' 



are 



S 



pushin 
out, ani 
a large 
black bud 
scale is 
ready to 
fall from 
the base 
of each. 




63. Hickory- 
buds. 



64. Growth is 
progressing. 
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it does not. The length of the shoot usually depends more 

on the lengths between joints than on the number of leaves. 
94. How Buds Open.— When the bud 

swells, the scales are pushed apart, the 

little axis elongates and pushes out. In 

most plants, the outside scales fall very soon,' 

leaving a little ring of ecars. Notice peach, 

apple, plum, willow, and other plants. 

(Fig. 60.) In others, all the scales grow 

for a time, as in the pear. (Figs. 61, 62.) 
ysitj. In other plants, the inner bud- 
^^j scales become green and al- 
^^^f most leaf-like. See the maple 
^^ and hickory. Fig. 63 shows a 

hickory bud. Two weeks later, bs. openm* of tiw 
flowor in the young shoot had pushed out "*" ''"^ 
oLun«r u and the enlarged scales were hailing. (Fig. 64.) 
"- w on 95. Sometimes flowers come out of the buds. 
>u mien- Leavcs may or may not accompany the flowers, 
oci'oek it We saw the embryo flowers in Fig. 56. The 
fuib: Bi- bud is shown again in Fig. 61. In Fig. 62 it is 
openii^. In Fig. 65 it is 

more advanced, and the woolly un- 
formed flowers are appearing. In 

Fig. 66 the growth is more advanced. 

In Fig. 67 the flowers are fiill blown; 

and the bees have found them. 

96. Buds that contain or produce 

only leaves are leaf-buds. Those that 

contmn only flowers are JUneer-buds 

or fruit-buds. The latter occur on 

peach, almond, apricot, and many 

very early spring-flowering plants. at. PeKinfuiibio™. 

(F^. 68.) The single flower is emergii^ from the apricot 

bud in Fig. 69. Those that contain both leaves and flow- 
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ers are mixed buds, as in pear (Fig. 67), apple, and most late 

sprii^-flowerii^ plants. 

97. Fruit-buds are usually thicker 
or Btouter than leaf-buds. They are 
borne in different portions on differ- 

tf ent plants. In some plants 

Uh (apple, pear) they are mostly 
^^m on the ends-of short branches 
^r^ or spurs; in others (peach, red 
-M maple) they are mostly along 

''f the sides of the last year's 

The **ipen. gTOwths. In Fig, 70 OK showu 
three fruit-buds and one leaf- 
bud on e, and leaf-buds 
on a. In Fig. 71 a fruit-bud is at the left, and a leaf-bud 
at the right. 

98. The "Burst of Spring" 
means chiefly the openii^ of the 
buds. Note the process in Fig. 72. " 
Everything was made ready in the 
previous growing season. The em- 
bryo shoots and flowers were devel- 
oped in the buds, and the food was 
stored. Spring comes on. The warm 
rain falls, and the shutters open and 
the sleepers wake: the frogs peep 
and the bu^ come. 

Review. — What are reating buds? 
What are they for? What is their covei^ 
ing? Where are they borne? When are 
they formed? What is a leaf-Bcar? What 
are accessory buds? What other name is 
applied to tbem? Defiae terminal bud. 
What does it do? What are bulbs and 
cabbages? How do they diifer from 
buds? What do buds do? From what do ™- ^'^'^^•^ "^ ^'^-^^ 
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branches arise? To what do winter buds give rise? What detenninea 
whether the branch shall be long or short? Describe the opening of 
a bud. What are flowei4>uds7 Leaf-buds? 
Mixed buds? How may fruit-buds be distin- 
guiehed? What is the "burst of sprii^?" 

Note. — It is easy to see the swelhiig of the 
buds in a room in winter. Secure branches of 
trees and shrubs, two to three feet long, and 
stand them in vaaee or jara, as you would 
flonera. Rauen the water frequently utd cut 
off the lower ends of the shoots occasionally' 
In a week or two the buds will begin to sweU. 
Of red maple, peach, apricot, and other very 
early-flowering things, flowers may be secured 
in ten to twenty days. Tiy it. 

The shape, sise, and cobr of the winter buds — 
are different m every kind of plant. By the buds |,^j ^ apple. 

alone botanists are often able to distinguish the 
kinds of trees. Even such similar plants as the different kinds of 
willows have good bud characters. The study of the kinds of buds 
affords excellent training of the powers of observation. 



72. Tbs bunt of si: 



CHAPTER VIII 

PLANTS AND SUNLIGHT 

99. Each Plant Responds to Li^t. — Green plants live 
only in sunlight, direct or indirect. The gradual with- 
drawal of light tends to weaken the plant; but the plant 

makes an effort to reach the light 
and therefore grows toward it. The 
whole habit of a plant may be 
changed by its position with ref- 
erence to sunlight. Choose two 
similar plants. Place one near 
the window and the other far 
from it. Watch the behavior from 
day to day. Fig. 73 shows a 

73. Sufficient light. f^^ ^j^^^ ^^^ ^^^ ^^^ ^^^ ^^ 

a conservatory; Fig. 74 shows one that grew on the 
floor of a conservatory. Fig. 74 also teaches another 
lesson, which is to be explained in another chapter (Chapter 
XXVIII). 

100. Plants grow toward the Hght, The most vigor- 
ous branches, as a rule, are those that receive most light. 



75. Oronius toward the Usht. 
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Climb a tree and observe where the thriftiest shoots are; 
or observe any bush. 

101. When plants or their parts are not stiff or rigid, 



76. Branchea of the oedsr remhing tor light. 

they turn toward the light, if the light comes mostly from 
one direction. The geraniums and fuchsias in the window 
are turned around occasionally so that they will grow sym- 
metrical. Plant radish in a pot or pan. When the plants 
aire three or four inches high, place the pan in a tight box 
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which has a bole on one side. The next day it will look 
like those in Fig. 75. This turning toward the light is 
called heliotropism (hclios is Greek for "sun"). 

102. Even under natural 
conditions, plants become 
misshapen or unsymmetri- 
cal if the light comes 
mostly from one direction. 
On the edge of a forest, 
the branches grow out 
toward the Hght. (Fig. 76.) 
Trees tend to grow away 
from a building. Branches 
become fixed in their 
position, so that even in 
winter they show the in- 
fluence of light. 

103. Some plants climb 

77. Mantle of okDutis. The leavea, and later Other plants in Order tO 

the flc™e™. ^««i ttem»iv» to the light. ^^j^ ^.j^^ sunlight; or they 
climb rocks and buildings. Notice that the vine on the house 
luxuriates where it is lightest. Climbing plants may injure 
or even kill the plant on which they climb. This they may 
do by throwing their mantle of fohage over it, and smother- 
ii^ it, or by sending their roots into its trunk and robbing 
it of food. Sometimes they do both, as in Fig. 78. 

104. Each Branch Grows Toward L^t — The plant is 
made up of branches. There is a stru^e amongst the 
branches for sunlight. We have s^n (Fig. 7) that no two 
branches are alike: we now know one reason why. Notice 
that the small branches die in the center of the tree. Look 
on the inside of a pine, spruce or other dense tree. Every 
branch has a story to tell of the value of sunlight. 

105. Each Leaf Grows Toward Light. — Leaves are borne 
toward the ends of the branches. This is particularly 
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marked when the stru^le is severe. If the outside of a 
plant is densely thatched with leaves, the inside will be 
found to be comparatively bare. Contrast Figs. 79 and 80, 
both being views of one tree. We know the tree as seen 
in Fig. 79: the squirrel knows it as seen in Fig. 80. 

106. On any branch in a very thick-topped tree or bush, 
leaves of equal ^e usually tend to be largest where the 
light is best. Leaves that grow ia full sunlight tend to per- 
sist later in the fall than those that grow in poor light. 
This fact is sometimes obscured because the outermost 
leaves are most ex- 
posed to autumn 

winds. 

107. Plants that 
start in cellars, from 
seeds, bulbs, or tubers, 
grow until the stored 
food is exhausted and 
then die: the leaves 
do not develop to full 
size in darkness. Figs. 
81 and 82 show this. 
Fig. 81 is rhubarb 
forced in a cellar for 
the winter market; 
Fig. 82 is a plant 
grown out-of-doors. 
Compare Fig. 45. 

108. The position 
or direction of leaves 
is determined largely 

, 7H. A climbing Sg cholcing a palm. 

by exposure to sun- 

hght. In temperate climates, they usually hai^ in such a 
way that they receive the greatest amount of light. Observe 
the arrangement of leaves in Fig. 83. One leaf shades the 
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7B. Lookins St the lop o( b NorwBjr maple. — Ai the bird aeea it. 

other to the least possible degree. If the plant were placed 
in a new position with reference to light, the leaves would 
make an effort to turn their blades. Observe the shingle-like 
arrangement in Fig. 79. If the pupil were to. examine the 
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leaves on the Norway maple, which is photographed in ¥i^ 
79, he would find that leaves which are not on the out^de 
lengthen their leaf-stalks in order to get the light. See Fig. 
157. Norway maple is common on lawns and roadsides. 

109. We have seen (85) that a lai^e part of the leaves 
of any one year are packed away in the buds o£ the previous 
winter. It is almost impossible that these leaves should be 
packed away hit or miss. They are usually arranged in a 
nuUhematical order. We can see this order when the shoot 
has grown. We can see it by studying the buds on recent 



81. Rhubub ciawa ia the dark. The leaf-bladea do not develop. 

shoots, Eonce there was a leaf for each bud. The leaves (or 
buds) may be opposite each other on the stem, or aUemate. 
(Fig. 84.) 

110. When leaves are opposite, the pairs usually alter- 
nate. That is, if one pair stands north and south, the next 
pair stands east and west. See the box-elder shoot, on 
the left in Fig. 84. One pair does not shade the pair beneath. 
The leaves are in four vertical ranks. 

111. There are several kinds of alternate arrai^ement. 
In the elm shoot in Fig. 84, the third bud is vertically above 
the first. This is true, no matter which bud is taken as the 
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starting point. Draw a thread around the stem until the 
two buds are joined. Set a pin at each bud. Observe that the 
two buds are passed (not counting the last) and that the 
thread makes one circuit of the stem. Representii^ the num- 
ber of buds by a denominator, and the number of circuits 
by a numerator, we have the fraction K, which expresses 
the part of the circle that lies between any two buds. 
That is, the buds are 
one-half of 360 de- 
grees apart, or 180 
degrees. Looking 
endwise at the stem, 
the leaves are seen 
to be 2-ranked. Note 
that in the apple 
shoot (Fig. 84, right), 
the thread makes 
two circuits and five 
buds are passed: 
two-fifths represents 
the divergence be- 
tween the buds. The 
leaves are 5-ranked. 
112. Every plant 
has its own arrange- 
„„ „, ment of leaves. For 

82. Rhubarb grovlng in the light. 

Opposite leaves, see 
maple, box-elder, ash, lilac, honeysuckle, mint, fuchsia. For 
2-ranked arrangement see all grasses, Indian com, basswood, 
elm. For 3-ranked arrangement see all sedges. For 5-ranked 
(which is one of the commonest), see apple, cherry, pear, 
peach, plum, poplar, willow. For 8-ranked, see holly, osage 
orange. More complicated arrangements occur in bulbs, 
house-leeks, and other condensed parts. The arrangement 
of leaves on the stem is known as pkyllotaxy (literally 



I^BAF ABRAN6EUENT 



49 



"leaf-arrangement"). Make out the 
phyllotaxy on any plant. IVy it 
on a long potato tuber. 

113. In some plants, several 
leaves occur at one level, being 
arrai^^ in a circle around the 
stem. Such leaves are said to be 
verticillale or wkorled. Leaves 
arrai^ed ia this way are usually 
narrow. 

114. Although a definite 
83. Au the leaves are eipowd arrangement of leaves is the rule 

*" ''*'"■ in most plants, it is subject to mod- 

ification. On shoots that receive the light only from one 
ride or that grow in difficult positions, the arrangement may 
not be definite. Examine shoots that grow on the under 
side of dense tree-tops or in other partially lighted positions. 

115. The direction or 
"hai^" of the leaf is 
usually fixed, but there 
are some leaves that 
change their direction be- 
tween dayhght and dark- 
ness. Thus, leaves of 
clover (Fig. 85), bean, 
locust, and many related 
plants, "sleep" at night; 
also oxalis. It is not a 
sleep in the sense in which 
animals sleep, however, 
but its function is not 
well understood. 

1 16. Leaves usually ex- 
pose one particular surface 

to the light. This is be- g*. Phyiiots.yotbo<-eidBr.«im, .ppis. 
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cause their internal structure is such that light is most 
efficient when it strikes this surface, as we shall learn later 
on. Some plants, how- 
ever, expose both surfaces 
to the light, and their leaves 
Btand vertical. Others 
avoid the intense light of 
midday and turn in the 
direction of least light. 

Leaves standing edgewise as. D«y ^nd ni,bt p«dtion. oi th, 
are said to exhibit poiarily, "'°™' '**"- 

They are "compass plants" if they point north uid south. 
The famous compass plant or silphium of 
the prairies, and the wild lettuce (Fig. 86), 
are examples of plants having polar leaves. 
Every leaf has a story to tell of the value of 
sunlight. 

117. Winter Buds Show What Has Been 
the Effect of Sunlight. — Buds are borne in 
the axils of the leaves (87), and the size or 
vigor of the leaf determines to a large extent 
the size of the bud. Notice that, in most 
instances, the lai^est buds are nearest the tip. 
(Fig. 87.) If the largest ones are not near the 
tip, there is some special reason for it. I^- 
amine the shoots on trees and bushes. 

118. The largest buds usually start first 
in spring, and the branches that arise from 
them have the advantage in the struggle 
for existence. Plants tend to grow most vig- 
orously from their ends. Observe that only 
the terminal bud grew in the hickory twig 

^^UttuM^^L^ in Fig. 64. If the side buds or lower buds 
vnu piasei! grew more vigorously than the end buds, the 
E™ «rUoS^ °' plant would become exceedingly branched 
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and its whole form might be changed. Consider how such a 
mode of branching would affect any small tree that you 
know. Every bud has a story to tell of the value of sunlight. 

Review. — What is the rdation of the plant 
to BUnl^t? Does its form ever depend on 
relation to light? In what direction do the tc 
of plants grow? Where are the roost \%oni 
branchee? What is heliotropiam? Why are tn 
sometimee unBymmetricaJ? Do you know a 
instances yourBelf? What is one way in whi 
plants profit by the climbii^ habit? Expla 
Where are leaves borne in reference to lii^ 
Where are leaves usually largest? Do they ( 
velop in darkness? Are leaves borne direci 
above one another? How may leaves be arrange 
Explain what phyllotaxy is. Are leaves alwa 
airanged definitely? Explain the arrangemt 
in some plant that is not mentioned in ti 
lesson. What is the "sleep" of leaves? Whi 
surface of the leaf is exposed? What are CO 
pass plants? How do buds show what ttie effi 
of Bunhght has been? What buds start first in 37. The Uf. t«nniD*l 
spring? buda. — Hiokory. 



CHAPTER IX 

STRUGGLE FOR EZISTEHCE AMONGST 



119. No Two Branches are Alike. — Every twig has a 
history. It has to contend for sunlight and a place in which 
to grow. Its size and shape, therefore, depend on the con- 
ditions under which it lives. Observe the long, strai^t, 
b^-4esved shoots on the top of the plant, and the short, 
weak, crooked ones on the inside or under side. 

120. There is struggle for existence for every twig and 
every leaf. Those finding the best conditions live and thrive; 



88. The rtnig^ loT life. — Mnlben; iliDot. 

those finding the poorest die. The weak are overpowered 
and finally perish: this prunes the tree, and tends to make 
the strong the stronger. Observe the competition in the 
branch photographed in Fig. 88. Pick out the dead twigs, 
the weak ones, the strong ones. See also Fig. 7. 

121. The Buds May Not Grow. — There is not room in a 
tree-top for all the buds to grow into branches. Some buda 
(52) 
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are suppressed. Branches die. So it comes that branches 
are not arranged regularly, altboi^h the buds may be. In 
the Tartarian or "tree" 
honeysuckle the buds are 
opposite; Fig. 89 shows how 
the branches are. Even 
though the branch or plant 
is apparently r^ular in 
shape {as in Fig. 90), never- 
theless many of the buds 
have been suppressed, else 
there would be a branch 
from every axil. 
s9. The bruchinK IB cnwked 122. The rcsulte of the 

and irregular. Struggle foF Bxistence in the 

tree-top can be expressed in figures. Consider that every bud 
is the germ or starting point of a branch. Observe at what 
distances apart the buds are usually borne on any plant, and 
estimate the number of buds that the plant has borne: 
count the number of branches which the tree actually bears. 
It will be found that the number of buds is far in excess of 
the number of 
branches: the differ- 
ence between the 
numbers shows how 
many buds or 
branches have failed. 
Or, count the buds 
on any branch, and 
figure up the pos- 
sibilities. A branch 
12 inches long, for 
example, has 10 buds. 
If each bud grows. 
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season, there will be 10 branches, each of which may have 

10 buds. At the end of the second year there will be 100 

branches; at the end of the third, 1,000. Can 1,000 branches 

be borne on a 4-year-old branch 12 inches long, as a base? 

Or, count the old bud-scars on the branches — for the places 

of the buds persist as wrinkles in the bark, often for many 

vpBra. ("Fig. 91.) One can often 

hese bud-scars on old 

I with his eyes closed by 

his fingers over the bark. 

Buds that fail to grow 

id dormavi buds. They 

Jly the weakest ones, — 

hich grew in the most 

aial conditions. They are 

the base of the shoot. 

We have seen (IIS) that 

it is the terminal or 

uppermost buds which 

are most likely to grow. 

The dormant buds 

gradually die. They 

may hve four or five 

years on some plants. 

If the other buds or 

branches fail or are in- 

91. sc«. of th« do™.t b«d».-wmow. J"™**' ^^^y °^y erow, 
but usually they do not. 
124. Dormant buds must not be confounded with ad- 
ventitious buds. We have learned (54) that adverUitioiu 
buds are those formed at unusual times or places, because 
of some disturbance of the part. If a large branch is cut 
off, suckers or watersprouts are thrown out near the wound: 
these arise from buds that are made for the occaEdon. These 
buds did not exist there. In many countries it is a custom 



Id thiB oafle, m&n hoA added to the atniEgle for exiHtence. An ash tree in Affferia- 
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to "pollard" or cut off the tops of trees every few years for 
the firewood or other uses, and strong adventitious shoots 
arise aloi^ the trunk. 
(Fig. 92.) 

125. Where the 
Branches Grow. — Be- 
cause new shoots tend 
to arise from the top 
of the twigs, the branches 
of most trees are in tkra 
or layers. These tiers of- 
ten can be traced in trees 
50 and 100 years old. 
Try it in any oak, maple, 
ash, or other tree. For 
practice, be|^ with 
young, vigorous trees. 

»3. Tiers of 94. Even in old tre« ;„ *' * , „ . , 

biuich«oo the tien ou be (Figs. 93 and 94.) 

ytnmatr^ t««d. jgB. When part of a 

top is removed, the remaining branches fill the space. The 
branches are attracted by the light, and grow in that 
direction. A pruned or injured top always tends to come 
back to equilibrium. 



H 0till ahoota upwonl. 
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127. A mangled or broken plant tends to regain its former 
position. From fallen trees, upright shoots arise. In Fig. 
95 observe the new trunks arising from the older prostrate 
trunks. 




96. An elm shoot, April 10. 




97. The same shoot, April 20. 



^^i^^^ 




98. May 20. 

Review. — What is meant by the statement that every twig has 
a history? Upon what does the shape and size of a branch depend? 
Explain what you mean by the struggle for existence. Why do not all 
buds grow? If buds are arranged in mathematical order, why are not 
branches so arranged? How may the effect of struggle for existence be 
expressed in figures? Choose some branch and explain. Define dormant 
buds. Adventitious buds. Why are branches in tiers, or borne at 
intervals? How do plants tend to regain their form and position, when 
injured? 

Note. — Let the pupil work out the history of some branch. It is 
better to choose a branch that is vigorous. He should first determine, 
if the shoot is dormant, how much grew the previous season. The 
last year's growth bears buds on the main axis, not on side branches; 
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and the "ring" (scora or bud-scales) marks the junction beitween the 
different years' growth. Notice this ring in the front shoot in Fig. 87. 
The teacher will find many twigs worked out in "Lessons with Plants." 
Pigs. 9&-100 show an actual case. These drawings were all made with 
the greatest care fiom one elm twig. The twig <Fig. 96) shows three 
years' growths. The side branch is evidently only one year old, for it 
did not arise vmtil the twig which bears it was one year old. Note 
that only one of the buds made a branch. There aj« five blossom-buds. 
Fig. 97 shows the twig in bloom. Fig. 9S shows it in fruit and leaf. 
Fig. 100 shows the net result. The side branch grew from a to s and made 
two blossom buds. The tip of the main shoot (Fig. 96) was broken in 
a storm. The two buds next in succession grew. Each mode flower- 
buds. Observe how many buds on this elm shoot have failed. 




100. October IS. 




101' Showing how much 



CHAPTER X 

PRDHING 

128. We are now ready to discuss the reasons for pruning, 
and how the work should be performed. We have discovered 
that there is competition between difEerent plants and also 

between branches on the same plant. 
When one or more of the competitors 
is removed, the remain- 
ing plants or parts 
have better condi- 
tions and will prob- 
ably increase in vigor. 
Priming is a means of 
allowing the remaining 

removed™ on ~tran^ branches a better op- 

^ '""'■ portunity to develop. 

129. Pnming should therefore increase 
the vigor of remaining parts. In fruit trees 
it also thins the fruit, increasing its size. 
It opens a tree-top to air and light; 
removes superfluous fruit - buds ; allows 
more thoroi^ spraying; increases ease of 
access into the tree by the pickers. Prun- 
ing also keeps plants within bounds, and 
corrects mis^pen or awkward forms. 

130. The first prunii^ is performed 

when the plant is set or planted. The ,02, suggestion (or 

brokwj and dead roots are removed, and pruning rootand top 

part of the top is taken away. There itis tranapianied. a 

should be a proper balaTice between root b™o! " ' '™ 
(59) 



and top, when r tree is dislodged from the earth and taken 
to another place. We have found that the leaves of cuttings 
are sometimes reduced for a similar reason (63). In most 




trees and shrubs (except conifers) the top is cut back as 
much as one-half on transplanting. (Figs. 101, 102.) 

131. Young trees may be so pruned that so many branches 
will not grow as to confuse and crowd the troe-top later on. 
A few framework or scaffold branches should be left. (Fig. 
103.) An effort should be made to shape the tree sym- 
metrically; and if the trees are to constitute an orchard, 
they should be uniform in shape and height of top. (Figs. 
104j 105.) "As the twig is bent the tree's inclined." 

132. Fruit 
plants should be 
so pruned as to 
encourage and 
spare sufficient 
bearitig wood to 
insure a good 
crop. We have 
identified the 
fruit-buds (Chap- 
.n. w,, .. ^ ■ , , ,, ter VII). ■ The 

IM, We]]-ah>p«d ippis tnti. In refloiu of intcnH ■" 

bent (ikI lunihlM. H In pt.m of the WMlcrn Uniled StrOHgest and bcst 

thuD thU, M ihiald 'the trunlu. placed budS 
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should be saved. Thinning the fruit-buds thins the fruit. 
In some fruit plants, the bearing wood is on canee that live 

or that bear for 

a single year 
only. Of such 
are blackberries 
and raspberries. 
The raspberry 
cane that springs 
from the root 
this year, bears 
fruit next year, 
and then dies or 
becomes so weak 
as to be worth- 
...»..,... , L , less; and the 

lOS, Wall-formed peuh tnsi In (be outora regloa. ' , 

cane that comes 
up next year bears fruit the year after, thus maintaining the 
succession. Therefore, every fall or spring the canes that 
have borne should be cut away near the ground ; a certain 
number (four to eight) of the new ones should be allowed to 
remain; and these new ones are later cut back to make them 
upright and to concentrate the bearing area. (Figs, 106, 107.) 
133. Shrubs and trees grown for bloom may bear their 
flowers from winter or resting buds, or from growing shoots 
of the season; if the former, they bloom very early in 
spring, as lilac, flowering almond, deutzia, weigela, for- 
Bythia or golden bell; if the latter, they bloom later after 
active twig growth begins, as rose of sharon or hibiscus, 
hydrangea, privet, mock orange, rose acacia, most honey- 
suckles. If it is desired not to remove the bloom, those 
bushes that bloom from resting buds should be pruned 
or headed back (if at all) after flowering or when in leaf; 
the other class should be pruned before flowering, or when 
the plant is dormant. 



134. Pruning is sometimes employed to increase the tdgor 
of weak or injured plants, and to renew and reshape old trees. 
Woody plants severely injured by frost are often cut back 



107. Buna bush kttei- the 
11 pruniDft ■pring pniDiDic 

heavily to fresh clean wood. (Fig. 108.) The vigor of the 
plant is condensed into a smaller area, new shoots arise, and 
a renewed top may be formed. 

135. In pruning, all long stubs should be avoided, and 
the cut should be smooth and not splintered. The "healing" 
of such a wound is merely the covering of the stub or cut 
area by a callus or ring of tissue that arises from the cambium 
region (between wood and bark); this callus does not form 
readily on long 
I and leafless 

stubs. An un- 
covered wound 
tends to rot, and 
a hole is formed 
into the tree. 
Figs. 109 and 110 
show poor and 
good pruning. 

Paioh Item heavily out bask after a [reeaa. The limb should 
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be severed practically parallel to its parent branch and close 
to it. Some of the worst examples of pruning (or of tree 
butchery) are, to be found along streets where trees have 
been cut to allow the passage of telephone and tel^p-aph 
wires and other improvements. Only careful and practiced 
persons should be allowed to prune street trees. 

136. Prunii^ may be performed at any time of the year, 
depending on the climate and the objects to be attained. 
Fruit trees and shade trees are usually pruned in spring, 
before the leaves appear. Sometimes the heading in of fruit 
trees is performed in late summer or fall, but late winter and 
spring pruning for all trees is most favored in cold climates. 



109. Poor praniiic 110. Good piuciiiB. 

Rbvifw. — What do you understand by pruniDg? What does prun- 
ing occompliah? Is it "unnatursl"? How should newly set trees and 
plants be pruned? Why? What relation has pruning to the bearing 
wood? What are the conaiderationa in the pruning ot flowerii^ shruba? 
What kind of pruning ia practised on weak or injured plants? How 
should the pruning wounds be made? How do wounds heal? When 
may pruning be perfonned? How would you prune a bearing apple 
tree iaek some one who knows)? A raepbcOTy or blackberry bush? 



CHAPTER XI 

THE FORMS OF PLANTS 

137. Although the form of the branch, and to some 
extent the entire plant, is determined by a stru^le with 
the conditions in which it grows, nevertheless each kind 
of plant has its own peculiar hcAit of growth. The lum- 



berman distinguishes the kinds of trees by their "looks," 

rather than by their leaves or flowers, as the botanist does. 

The farmer usually does the same with his cultivated plants. 
138, The habit of a plant is determined by its size, 

general style or direction of growth, form of head, and method 
of branching. The general style or stature 
of plants has been mentioned in Chapter 
III — they may be erect, strict, creepii^, 
decumbent, and the like. The shape of 
the top or head is well illustrated in trees. 
Note the general effect of the mass, as 
seen at a distance. The elm is vase-form 
or round-headed. (Fig, 111.) So are maple, 
beech, and apple trees. The Lombardy 
poplar (Fig, 112) is columnar or fastigiaie. 
«i(i8w trew. Young spruces and firs are conical. 

(M) 
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Heads may be narrou}, 
wide, jUU, aymmdrical, 
irregvlar or broken. 

139. The general leaf- 
age or f umisbing of the 
top is difTerent for each 
kind. The top may be 
dense oi thin. The foliage 
may be heavy, light, large, 
small. Compare maples 
and elms, apples and 
peaches, and other trees. 

140. The trunk OT bole 
of the tree is one of its 
most conspicuous fea- 
tures. Observe the strict 

113. ThB unbrsnched tnmka ot palmii. straight tfUnk of the 

palm (Fig. 113), and the forking trunk of elms and maples. 
Observe that no two trees have trunks quit« alike. The bark 
ia different for each Idnd of plant. 



114. Thfl plant fonn imrinter. — Ruaoan tluBtle. 115. A plaot form. — CoUon. 

141, Plants awaken certain thoughts or feelings: they 
are said to have expression. This expression is the source 
of much of our pleasure in them. Trees are particularly 
expressive. One suggests reslfvlness, because of its deep, 
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shady top; another gaiety, from its moving, small, light- 
colored leaves; another heaviness, from its very large, dull 
foliage; another strength, from the massive branches; another 
grtKe, from the flowing outline or flexile growth. We think 
of the oak as strong, the willow as Uthe, the aspen as weak, 



lie. The many IruQkB of an old oLlve tree. Italy. 

and the like. Irregular or gnarly trees suggest struggle. 
If all plants, or even all trees, were alike, we should have 
little pleasure in them, 

142. The expression of a plant depends to some extent 
on the character of the shadows in the top. These shadows 
(or Ughts and shades) are best seen by looking at the plant 
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when the sun is low and behind the observer. Stand at 
some distance. Look at the dark places in the old pasture 
maple: they are lumpy and irregular. In the pasture beech 
they are in layers or strata. The shadows depend mostly 
on the method of branching. Those who take photographs 
know how the "high lights" and 
shadows develop on the plate. 
(Fig. 117.) 

143. The habit of a plant is 
usually most apparent when it is 
leafless. The framework is then 
revealed. Woody plants are as 
interesting in winter as in sum- 
mer. Observe their forms as out- 
lined against the sky — every one 
different from every other. Notice 
the plant forms as they stand in 
the snow, (Fig. 114.) Compare 
this form with that of the cotton 

in Fig. 115; or with that of any „,.. The ught. s»d d™i«.-Hon., 
other plant. How do stems of ''™"' '™- 

the pigweed differ from those of burdock and grasses? 
Observe how the different plants hold snow and ice. 

144. The more unusual the shape of any tree or other 
plant, the greater is our interest in it, because our curiosity 
is awakened. Some unusual circumstance or condition 
has produced the abnormal form. Such plants should be 
preserved whenever possible. (Fig. 116.) 

RaiviKW. — What do you mean by the statement that each kind of 
plant has its own habit (36)? How do plants differ in habit? Name 
some of the forms of tree-tope. How may plants differ in the furnish- 
ing of the top? Is the trunk characteristic? Bark? Bring ia And 
describe the bark of three kinds of trees. What is the expression of 
a tree? Name some of the expressions? Explain what you under- 
stand by the shadows in the top. On what do the shadows chiefly 
depend? What is there to see in plants in winter? Why are we interested 
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in plants of unuau&l form? TeU how any two trees differ in "looks." 
Note. — One of the first things the pupil should learn about plants 
ia to aee them at a whole. He should get the Jeeling of maaa. Then 
he should endeavor to determine why the mass la ao and so. Trees 
are best to be^W on. No two trees are alike. How do they differ? 
The pupil can observe as he comes and goes from school. An orchard 
of difFerent kinds of fruits shows strong contrasts. Even different 
varieties of the same fruit may be unlike in habit. This is especially 
tnie in pears (Figs. US, 110). It is well, also, to develop the feeling 
for the mass, and to apprehend the expression, in a field of wheat or of 
clover, a field of potatoes, an apple orchard, a vegetable garden: dis- 
tinguish the various plant forms and also the impression that the 
entire field or garden or woodland makes on you. 



CHAPTER XII 

WATER AND MINERAL NUTRIENTS.— ROOT ACTION 

145. Plant-food. — Having learned what a plant is and 
having seen it as a whole, we may now inquire how it secures 
food with which to live. We can discuss only the outlines 
of the subject here: the pupil may consider the question 
^^n when he takes up Part III. The plant secures water 
and mineral nutrients from the soil. It also takes up mineral 
elements which are not nutrients, but which enter the plant 
because they are in solution in the soil-water. The word 
plant-food is used commonly to include the water and 
mineral nutrients taken in by the roots. Technically, the 
word plant-food is used to designate such products as 
starch, sugar, fats and other substances elaborated by 
the plant. The latter usage is unfortunate, but we shall 
follow it here, according to botanical usage, to avoid 
confusion. 

146. Root Structure. — Boots divide 
into the thinnest and finest fibrils: there 
are roots and there are rootlets. The large, 
fleshy root of the radish (Fig. 120) ter- 
minates in a common-sized root to which 
little rootlets are attached. There are 
also Uttle rootlets attached to the fleshy 
root at various places near the base. But 
the rootlets that we see are only inter- 
mediary, and there are numerous yet 

smaller structures. laa R<»t ™j ™>tieu. 

147. The rootlets, or fine divisions, are clothed with 
root-kavra (29), which are very delicate structures. Carefully 

(69) 
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germinate radish or other seed, so that no delicate parts 
of the root will be injured. For this purpose, place a few 
seeds in packing-moss or in the folds of cloth or blotting- 
paper, being careful to keep them 
moist. In a few days the seed has 
germinated, and the root has grown 
an inch or two loi^. Notice .that, 
excepting at a distance of about a 
quarter of an inch behind the tip, 
the root is covered with minute 
hiurs (Figs. 11, 121). They are 
actually hairs, that is, root-hairs. 
Touch them and they collapse, they 
o delicate. Dip one of the plants in 
r ; remove it, — the hairs are not to be 
The water mats them together along 
oot and they are no longer evident, 
-hairs usually are destroyed when a 
; is pulled out of the soil, be it done 
30 carefully. They cling to the minute 
^„. ..clea of earth. Under a microscope, 

121. Root of pumpkin •^, . ^, a -^ j l 

HcdiUic Bhowing the obaervB how they are tiattened when 
""^"" ™^""^ they come in contact with grains of sand 
(Chapter II). These root^hairs clothe the young rootlets, 
and a great amount of soil is thus brought into actual con- 
tact with the plant. Root-hairs are not young roots: they 
soon die. 

148. RooUet arui root^ir differ. The rootlet is a compact, 
cellular structure. The' root-hur is a delicate tube (Fig. 
122), within the cell-wall of which is contained living matter 
(protoplasm); the wall and the lining membrane permit 
water and substances in solution to pass in. Being long and 
tube-like, these root-hairs are especially suited for taking 
in the largest quantity of solutions; and they are the principal 
means by which material is absorbed from the soil, although 
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the surfaces of the rootlets tbemselvee do a small part. 
Water-plants probably absorb a great quantity of water 
through the leaves and stems. 
Most of the higher plants, how- 
ever, growii^ in water, are pro- 
vided with roots and root-haire 
aad considerable absorption is 
effected by these. Certwnof the 
water-plants have roots but 
produce no root-hairs; others, 
as the utricularia or bladder- 
wort, have no roots whatever. 
149. Osmosis. — To under- 
stand how water liters the 
root-hair, it is necessary that 122. c™iM«ti™ ot ™>t, enuraed, 

we study showtog rootJ.^™. 

, the process of osmosis. A salt or sugar 
solution, separated from water by a 
semi-permeable membrane, will in- 

' crease its volume, due to the passage 
into the solution of some of the water. 
This can be easily demonstrated. (Fig. 
123.) Dissolve in one pint of water, one 
ounce of either common household salt 
(sodium chlorid) or saltpeter (sodium 
nitrate). Saltpeter la a valuable plant 
fertilizer. Tie securely over the large 
mouth of the tube a piece of animal 
membrane (hog's bladder is e^icellent 
for the purpose). Now fill the enlarged 
end of tube with either the common 
salt or the saltpeter. Then sink the 
tube, as in Fig. 123, in the bottle A, of 
water, until the level of the water in the 
131. To lUiutnte (Mmods. tube Stands at the same height as that 
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in the bottle. The tube may be readily secured in this position 
by passing it through a hole in the cork. In a short time, we 
notice that the liquid in N begins to rise, and in an hour or 
so it stands at F, say. The diflfusion of water through this 
membrane into the salt solution is known as osmosis. Under 
these conditions, there is pressure in the tube and this pres- 
sure is known as osmotic pressure. We may have osmosis 
taking place from a weak solution to a stronger solution. 

150. Tfie root-hairs secure water from the soil. — ^The 
above experiment enables us to understand how the count- 
less little root-hairs act, — each one like the tube N, if only 
the whole surface of the tube were a bladder membrane, or 
something acting similarly. The soil-water does not contain 
much of the soil fertility; that is, it is a very weak solution. 
The active Uttle root-hair, on the other hand, is always 
filled with cell-sap, a more concentrated solution; hence 
soil-water must come in, and along with it come also small 
quantities of dissolved food materials. Some of these ma- 
terials may be fertilizers that have been applied to the land. 

151. This principle of absorption of water by osmosis 
may now be demonstrated by another experiment. Fleshy 
pieces of root or stem will absorb water from weak solutions 
and become rigid; in strong solutions such fleshy parts will 
give up their water and become flexible. Cut several slices 
of potato tuber about one-eighth of an inch in thickness, 
and let them remain in the air half an hour. Make up two 
solutions of cane-sugar: (1) dissolve four ounces of sugar in 
a quart of water; (2) dissolve one-half ounce of sugar in a 
quart of water. Place pieces of the potato tuber in these 
solutions. In half an hour those pieces in the weak solution 
will be rigid or stiff (turgid); those in the strong solution 
will be flexible (flaccid). The potato tuber is composed of 
thousands of minute cells, each with a cell wall, protoplasm, 
starch grains, and cell-sap. The cell-sap contains sugars 
and various salts in solution. When the slice of tuber is 
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placed in weak sugar solution (each cell having a concen- 
tration greater than the outside solution), it takes up water. 
The slices of tuber in the strong solution lose water because 
the concentration of the external solution is stronger than 
that of the cell-sap. 

152. The root-hairs are able to take up water from the 
soil because the soil solution is extremely dilute. If the soil 
:i I Id solution were strong, the plant might give up 
water to the soil. It would be possible to add 
so much fertilizer to the land as to cause the 
plant to lose water by exosmosis. There is 
seldom, however, any danger that the farmer or 
gardener will add so much fertilizer to the soil, 
in practice, as to cause a wilting of the plant 
due to loss of water by exosmosis. 

153. The water and salts in solution taken 
up by the root-hairs pass into the root proper 
and finally into definite routes that are con- 
tinuous from the root through the stems to the 
leaves. To illustrate the path of water-ascent, 
insert a growmg shoot in water that is colored 
with eosin. (Eosin may be had of dealers in 
microscopic supplies. Common aniline may 
answer very well.) The tissues stained with 
the dye are the conducting tissues. In woody 
plants, the water is conducted in the young 
wood, not between the bark and wood 
as commonly supposed. 

154. The absorption of water by a 
root may be so rapid as to give rise to 
distinct pressure. This force is root- or 
sap-pressure. It varies in different plants 
and in the same plant at different times. 
The ^^hleeding^^ of plants is a manifesta- 
M^J-p^IwaiureT tion of this pressure. In the spring, the 
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maple and grape particularly exhibit strong sap-pressure. To 
illustrate root-pressure, grow squash or cucumber plants, and 
when they are about a foot or more in height cut oflf the 
plant close to the ground. To the plant stem attach a small 
piece of rubber tubing. Fill it with water and then connect 
it to a glass tube. (Fig. 124.) At intervals note the rise of 
water due to root-pressure. The root-pressure in a large 
cucumber plant may force sap to a height of five feet or more 
in a tube of five millimeters diameter. 

Review. — ^What is meant by plant-food? Plant nutrient? De- 
scribe the root structure. What are root-hairs? Their function? How 
do water plants secure water? Do they have roots and rootrhairs? 
Explain osmosis. Exosmosis. How does water enter the root? Why? 
How can you illustrate the path of water-ascent? What is root- or sap- 
pressure? Why do plants *^leed?" Have you ever actually seen root- 
hairs? Explain where and when. Make a drawing as they appeared 
to you. 



CHAPTER XIII 



155. The water in the soil is not usually present as free 
water, but in the form of films that adhere to the indi- 
vidual particles of soil. The root-hairs are in contact with 
the soil particles and films of water. (Fig. 125.) The finer the 
soil, the greater the number of soil-particles and the greater 
the film-moisture. The film-moisture surrounding the grains 
may not be perceptible, yet the plant 

can utilize it. Absorption by roots ihay | 
continue in a soil that seems to be 
dust dry, 

156. The root must be warm if it is to 
perform its functions. A proper tempera- 
ture is essential to the life processes. 
Should the soil of fields or greenhouses 
be much colder than the air, the plant 
suffers. When in a warm atmosphere, 
or in a dry atmosphere, plants need to 
absorb much water from the soil, and 
the roots must be warm if the root-hairs 
are to supply the water as rapidly as it 
is needed. If the roots are chilled, the 
plant may wilt or die. Try this with two 
potted plants, as radish, colcus, tomato. 
Put one pot in a dish of ice water, and 
the other in a dish of warm water, and 
keep them in a warm room. In a short "^^ TbB rootiew uid 

.- t 'pf 1 - - Toot-bain cling to tM 

ume notice how stiff and vigorous is partid™ ot boU. 
(75) 




76 Water and mineral nutrients 

the one whose roots are warm, whereas the other may show 
signs of wilting. 

1-57. Plants take from the soil an inmiense quantity of 
water. A single com plant may require in a growing season 
200 to 500 pounds of water. From 250 to 400 or more pounds 
of water are required for the production of one pound of 
dry matter in plants. Most of the water absorbed by the 
roots is given oflf by the plant as water vapor in a process 
of evaporation called transpiration (166). 

158. Water serves the plant in a nimiber of ways. It is 
a nutrient for the plant and takes part in the formation of 
substances manufactured by the plant. The cell sap is 
water with substances in solution. The water serves as a 
carrier of the materials derived from the soil and also 
for the manufactured food made within the plant. Let us 
see what nutrients the ordinary green plants secure from 
the soil. 

159. Nutrient Materials Secured from the Soil — ^We have 
seen that all nutrient material must be in solution in water 
to be taken in by the root. The ordinary green plant obtains 
from the soil the following essential elements: 

Nitrogen, chemical symbol N. Potassium, K. 

Phosphorus, P. Calcium, Ca. 

Sulfur, S. Magnesium, Mg. 
Iron, Fe. 

Chlorin is also an essential element for buckwheat. The 
elements in the above list (except nitrogen) are known as 
the mineral elements. All of the above elements are taken 
up not in their elemental form but in the form of salts. 

160. Ten elements are essential for the growth of all 
green plants. In addition to the seven above mentioned, the 
plant requires hydrogen, H, oxygen, O, and carbon, C. 
Hydrogen and oxygen are supplied in the form of water, 
which has the chemical formula H2O. Carbon for the green 
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plant is provided in the carbon dioxid {CO a) of the air. Oxygen 
is also derived from air (187), When the plant is burned, the 
ax mineral elements remain in the ask. 

161. The ash is but a very small part of the total weight 
of the plant. In a com plant of the roasting-ear stage, the 
ash (what remwns after ordinary burning) is about one per 
cent of the total substance. A good wheat crop will require 
per acre about ten pounds of phosphoric acid and about 
thirty pounds of potash. The amount of phosphoric acid 
removed by 200 bushels of 

potatoes is nine pounds; and 
of potash sbcty pounds. 

162. The farmer does not 
add all the elements to the soil 
in the shape of fertilizers. Some 
of the nutrient elements are 
used in such small quantities 
and are present in the soil to 
such an amount that the ad- 
dition of them is not necessary. 
The farmer adds nitrogen, pot- 
ash and phosphorus to the land 
to provide' nutrients, and he 
also adds calcium in lime or 
land-plaster because of its 
chemical and physical effect on 
the soil. Some of the fertilizers 
are mined, others are by-pro- 
ducts of packing-houses and m. Nodui« ™ «.yb.»ii. 
other manufacturing estabUshments. Stable manure is gen- 
erally considered to be the best single fertilizer. 

163. Nitrogen is one of the most essential elements 
required by the plant. It is expensive to add to the soil as 
fertilizer. Fortunately, nature has provided a method 
whereby some of the inexhaustible nitrc^n supply of the 
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air is taken into the soil. Dig up a clover, vetch, pea, bean, 
cowpea, alfalfa or other l^ume plant. Carefully wash the 
' soil away from the roots. Nodule sweUinga will probably 
be found on the roots. (Figs. 
126, 127.) In these nodules are 
certain bacteria that secure 
nitrogen from the air, and from 
which they build up more 
complex nitrogenous com- 
pounds. The legume hoat-plofnt 
then appropriates some of the 
nitrogen fixed by bacteria and 
the remainder, of course, re- 
mains in the bacteria. 

164. Only the leguminous 
plants bear these nodules. 
The legumes are plants of the 
great family Leguminosfe, 
comprising all pea-like, bean- 
like, clover-like, acacia-like and 
other pod-bearing plants. It 
has been demonstrated that 
over 100 pounds of nitn^en 
per acre can be fixed by these 
nodule-forming bacteria dur- 
ing a growing season. These 
bacteria are not present in all 
fields. They must be intro- 
duced to fields on "which 
legumes have not grown. 
Moreover, the bacteria that 
i27.Nodui»™™t«tc«»d.i»idi«.. infect the alfaUa will not mfect 
the cowpea, A different "strain" or variety is necessary for 
almost every legume. So important are the bacteria that 
the fanner who desires to enrich his soil and secure good 
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crops introduces these bacteria into his field by the appli- 
cation of soil taken from a field known to have them, or 
possibly in some cases he introduces the bacteria by the use 
of commercial cultures. Certain legume crops, as alfalfa, will 
do poorly unless the bacteria are present. 

165. A simple experiment will demonstrate the growth 
of plants in a nutrient solution, such as may exist in the 
soil. Secure from the druggist the following chemicals and 
make a solution of them, using the amounts here indicated: 

Potassium nitrate, KNO3 2 grains 

Calcium phosphate, monobasic, CaH4(P04)2 . .1 grain 

Or Calcium phosphate dibasic Ca2H2(P04)2 1 grain 

Magnesium sulfate, MgSOi 0.50 grain 

Ferric chloride, very slight trace. 

Water (distilled) 5 quarts 

Fill four or five tumblers with this solution and cover 
the tumblers with paraffined paper. Germinate peas or seeds 
of a similar plant, and when the roots are two inches long 
punch holes in the paper and insert the roots through the 
holes into the nutrient solution. Place the cultures in good 
light and allow the seedlings to grow three or four weeks. 
For comparison, grow some of the plants in distilled water 
in place of the nutrient solution. 

166. Ttanspiration. — ^We have found that the plant 
takes nutrients from the soil in very dilute solutions. Much 
more water is absorbed by the roots than is used in growth, 
and this surplus water is given oflf from the leaves mto the 
atmosphere by the evaporation process known as trans- 
piration (157). The transpiration takes place more abun- 
dantly from the under surfaces of leaves in most plants, 
and through the pores or stomates. It has been found that a 
sunflower plant of the height of a man, during an active 
period of growth, gives off more than a quart of water per 
day. A large oak tree may transpire 150 gallons per day 
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during the summer. For every ounce of dry matter pro- 
duced, it is eetimated that fifteen to twenty-five pounds 
of water must pass throi^h the plant. Cut off a succulent 
shoot of any plant, press the end of it through a hole in a cork 
and stand it in 
a small bottle of 
water. Invert 
over this bottle 
a targe-mouthed 
bottle (as a fruit- 
jar), and notice 
that a mist soon 
accumulates on 
the inside of the 
glass. In time, 
drops of water 
form. The ex- 
periment may be 
varied as shown 
in Fig. 128. Or 
invert the fruit- 
jar over an entire 
plant, as shown 
128. Toiiiu»t™t.t™»pi™tiot,. i„ Fjg J29, tak- 

ing care to cover the earth with oiled paper or rubber cloth 
to prevent evaporation. 

167. EVen in winter, moisture is given off by leafless 
twigs. Cut a twig, seal the severed end with wax, and allow 
the twig to lie several days: it shrivels. There must be some 
upward movement of water even in winter, else plants would 
shrivel and die. 

168. When the roots fail to supply to the plant sufficient 
water to equalize that transpired by the leaves, the plant 
wilts. Transpiration from the leaves and delicate shoots is 
increased by all of the conditions that increase evaporation, 
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as higher temperature, dry air or wind. In especially hot 
weather, when the wind is brisk and the air dry, the roots 
may be very active and yet fail to absorb sufficient moisture 
to equahze that given off by the leaves. Any injury to the 
roots or even chilling them (156) 
may cause the plant to wilt. On a 
hot, dry day, note how the leaves 
of corn "roll" toward afternoon. 
Early the following morning, note 
how fresh and vigorous the same 
leaves appear. Water is also forced 
up by root-pressure (154). Some of 
the dew on the grass in the morn- 
ing may be the water forced up by 
the roots; some of it is the condensed 
vapor of the air. 

169. The wilting of a plant is due 
to the loss of water from the cells. 
The cell walls are soft, and they col- 
lapse. A toy balloon will not stand alone until it is inflated 
with air or liquid. In the woody parts of the plant the cell 
walls may be stiff enough to support themselves, even though 
the cell is empty. Measure the contraction due to wilting 
and drying by tracing a fresh leaf, and then tracing the 
same leaf .after it has been dried between papers. The 
softer the leaf, the greater will be the contraction. 

Review. — What relation do root-hairs bave to soil-particles? What 
is the eSei^t of the chilling of roots? Of what use to the plant is wat^? 
What eesential elements are taken from the soil? How many elements 
are essential for the plant? What is the ash? What elements does the 
fanner add as fertilisers? How may the nitrogen supply of the soil be 
increased? What plants possess the root nodules? What is soil 
inoculation? What is transpiration? When does a plant wilt? 



CHAPTER XIV 

FOOD ELABORATION AND RESPIRATION 

1 70. Sources of Raw Material — The ordinary green plant, 
as we have seen, secures water and certain substances from 
the soil. It also secures from the air raw material which it 
utilizes in the elaboration of food material. When a plant is 
thoroughly dried in an oven, the water passes oflf; this water 
came from the soil. The remaining part is called dry sub- 
stance or dry matter. If the dry matter is bmned in an ordi- 
nary fire, only the ash remains; this ash came from the soil. 
The part that passed oflf as a gas in the burning contained 
the elements that came from the air. It also contained 
some of those that came from the soil — all those (as nitrogen, 
hydrogen, chlorin) that are transformed into gases by the 
heat of a common fire. 

171. Carbon. — Carbon enters abundantly into the com- 
position of all plants. Note what happens when a plant 
is burned without free access of air, or smothered, as in a 
charcoal pit. A mass of charcoal remains, almost as large 
as the body of the plant. Charcoal is almost pure carbon, 
the ash being so small in proportion tq the large amount 
of carbon that we look on it as an impiuity. Half or more 
of the dry substance of a tree is carbon. The carbon goes 
off as a gas when the plant is burned in air. It does not go 
off alone, but in combination with oxygen, and in the form 
called carbon dioxid ga^, CO2. 

172. The green plant secures its carbon from the air. 
In other words, much of the solid matter of the plant comes 
from one of the gases. By volume, carbon dioxid forms 
only about three-hundredths of 1 per cent of the air. It 

(82) 
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would be very disastrous to animal life, however, if this 
small percentage were much increased, for it excludes the 
life-giving oxygen. Carbon dioxid is often called "foul- 
gas." It may accumulate in old wells, and an experienced 
person will not descend into such wells until they have been 
tested with a torch. If the air in the well will not support 
combustion, that is, if the torch is extinguished, it usually 
means that carbon dioxid has drained into the place. The 
air of a closed schoolroom often contains far too much 
of this gas along with little solid particles of waste matters. 
Carbon dioxid is often known as carbonic acid gas. 

173. Appropriation of the Carbon. — ^The carbon dioxid 
of the air readily diffuses into the leaves and other green 
parts of the plant. The leaf may be delicate in texture, and 
air may diffuse directly into the leaf-tissues. There are, how- 
ever, special inlets adapted for the admission of gases into 
the leaves and other green parts. These inlets consist of 
numerous pores (stomates or stomata), which are especially 
abundant on the under surface of the leaf. They may also 
be present on the upper surface. The apple leaf contains 
about one himdred thousand of these pores to each square 
inch of the under surface. Through these pores the outside air 
enters into the air-spaces of the plant, and finally into the 
little cells containing the living matter. In Chapter XL 
these stomata will be studied. 

174. Chlorophyll. — The green color of leaves is due to a 
substance called chlorophyll. Purchase at the drug store 
about a gill of (grain) alcohol. Secure a leaf of geranium, clover, 
or other plant that has been exposed to simlight for a few 
hours and, after dipping it for a minute in boiling water, 
put it in a white cup with sufficient alcohol to cover the 
leaf. Place the cup on the stove where it is not hot enough 
for the alcohol to take fire. After a time the chlorophyll is 
dissolved by the alcohol, which has become an intense 
green. Save this leaf for a future experiment. Without 
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chlorophyll, the plant can not appropriate the carbon di- 
oxid of the air. 

175. In most plants, this chlorophyll or leaf-green is 
scattered throughout the green tissues in little oval bodies, 
and these bodies are most abundant near the upper surface 
of the leaf, where they secure a large amount of light. With- 
out this green coloring matter, there would be no reason for 
the large flat surfaces that leaves possess, and no reason for 
the fact that the leaves are borne most abundantly at the 
ends of the branches, where the light is most available. 
Plants with colored leaves, as coleus, have chlorophyll, but 
it is masked by other coloring matter. This other coloring 
matter is usually soluble in hot water. Boil a coleus leaf and 
notice that it becomes green and the water becomes colored. 

176. Plants grown in darkness are yellow and slender, 
and do not reach maturity. Compare the potato sprouts 
that have grown from a tuber lying in the dark cellar with 
those that have grown normally in the bright light (Fig. 
45). The shoots have elongated until the food which is 
stored in the tuber is exhausted. These shoots have lived 
useless lives. A plant that has been grown in darkness 
from the seed will soon die, although for a time the little 
seedling will grow very tall and slender. Light induces the 
production of chlorophyll. Sometimes chlorophyll is found 
in buds and seeds, but it is probable in most cases that 
these places are not perfectly dark. Notice how potato tubers 
develop chlorophyll, or become green, when exposed to light. 

177. Photosjrnthesis. — Carbon dioxid diffuses into the 
leaf (173) and is used during sunlight, and oxygen is given 
oflf. We have seen (172) that carbon dioxid will not support 
animal life. Experiments show that carbon dioxid is absorbed 
and that oxygen is given off by all green surfaces in the hours 
of simlight. How the carbon dioxid may be used in making 
organic food is a complex question and need be considered 
here only in a general way. 
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178. Chlorophyll absorbs certain of the sun's rays and 
the energy thus derived is used in uniting the carbon dioxid 
with some of the water brought up from the roots. The 
process is complex, with some kind of sugar or starch as 
the ultimate product. Glucose is probably the first carbo- 
hydrate formed. In most plants, the first visible product is 
starch. Certain plants do not produce starch. The common 
onion, amaryllis and iris are of this class. The process of 
using the carbon dioxid of the air has been known as carbon- 
assimilation, but the term now commonly used is photO' 
synthesis (from Greek words, meaning "light" and "put 
together"), 

179. Glucose or grape sugar is composed of carbon, hydro- 
gen, and oxygen (CeHMOe). Starch is likewise composed 
of carbon, hydrogen, and oxygen, but differs in the percent- 
ages. Its chemical formula is generally given (CeHioOs). 
Cane sugar, malt sugar, woody substances are very similar 
in composition. They are called carbohydrates. In making 
the glucose sugar from the carbon dioxid and water, the 
oxygen gas is given off by the plant as a waste product. 
The general chemical formula for the process is: 6CO2+ 

6H20 = C6Hl206 + 602. 

180. In the daytime the plant, therefore, takes in carbon 
dioxid and gives off oxygen. It is not so easy to demonstrate 
this fact. Chemical analysis is the only way of proving it. 
The escape of oxygen can best be demonstrated by employ- 
ing water plants. Make an experiment as illustrated in Fig. 
130. Under a funnel in a deep glass jar containing fresh 
spring or stream water, place fresh pieces of the common 
water-weed, elodea (or anacharis). In simlight, bubbles of 
oxygen will arise and collect in the test-tube. Some of the 
bubbles may be only air, particularly if marked changes in 
the temperature of the water occur. A simple experiment is 
to immerse a stem of elodea in a test-tube of water and hold 
the tube in bright sunhght. Bubbles of gas will arise from 
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the cut end of the twig. This gas has been found to be lately 
oxygen. The water-plant gets its carbon dioxid gas from 
that which is dissolved in the water. A gas, as well as a 
solid, may be dissolved in water. Observe the bubbles on 
jnd-scums and water-weeds on 
bright day. 

181. Starch is present in the 
reen leaves that have been ex- 
Dsed to sunlight; but in the dark 
a starch can be foriued from 
ifbon dioxid and water. Apply 
din to the leaf from which the 
ilorophyli was dissolved in a 
revious experiment (174). Note 
lat the leaf is colored purplish 
rown throughout. Starch gives 
a blue coloration with iodin. 
The leaf contains starch (76). 
^ Secure a leaf from a plant 
that has been in the darkness 
for about two days. Dissolve 
the chlorophyll, as before, 
P and attempt to stain this 
leaf with iodin. No purplish 

130. To show the esoupe of oiygen. brOWH Color 13 produced. 

182. Plants or parts of plants that have developed no 
chlorophyll can form no starch. Secure a variegated leaf 
of coleus, ribbon-grass, geranium, or of any plant showing 
both white and green areas. On a day of bright sunshine, 
test one of these leaves by the alcohol and iodin method 
for the presence of starch. Observe that the parts devoid of 
green color have formed no starch. However, after starch 
has once been formed in the leaves, it may be changed into 
soluble substances and removed to be again (Converted 
into starch in other pari^ of the living tissues. 
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183. Digestion. — ^The starch made by the leaf during the 
daytime is present in the form of insoluble granules. In 
order to be carried from the leaf to other parts of the plant 
for purposes of storage or growth, it must be made soluble. 
The starch of the leaves at night is converted into sugars 
by the action of enzymes, or ferments, and is then conveyed 
to other parts of the plant. This conversion is a process of 
digestion. It is much like the change of starchy foods to 
sugary foods by the saliva. 

184. After being changed to the soluble form, this material 
is ready to be used in growth, either in the leaf, in the stem, 
or in the roots. With other more complex products it is 
then distributed throughout all of the growing parts of the 
plant; and when pacing down to the root it passes readily 
through the inner bark, in plants that have a definite bark. 
This gradual downward diffusion of materials suitable for 
growth through the inner bark is the process referred to 
when the "descent of sap" is mentioned. Starch and other 
products are often stored in one growing season to be used 
in the next season (Chapter VI). If a tree is constricted or 
strangled by a wire around its trunk, the digested food can- 
not readily pass down and it is stored above the girdle, cans- 
ing an enlargement. 

185. Assimilation. — The food from the air and the nutrients 
from the soil unite in the living tissues (see Photosynthesis, 
178). The sap that passes upwards from the roots in the 
growing season is made up largely of the soil-water and the 
salts that have been absorbed in the diluted solutions. 
We have found that this upward-moving water is conducted 
largely through certain tubular cells of the young wood (153). 
These cells are never continuous tubes from root to leaf; 
but the water passes readily from one cell to another in its 
upward course. 

186. The upward-moving water gradually passes to the 
growing parts, and it comes in intimate contact with the 
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soluble carbohydrates and products of photosynthesis. In 
the building-up or reconstructive and other processes it is 
therefore available. There is a series of changes, gradually 
increasing in complexity. There are formed substances 
contaming nitrogen, in addition to carbon, hydrogen and 
oxygen. Others will contain also sulfur and phosphorus, and 
the process may be thought of as culminating in protoplasm. 
Protoplasm is the living matter in plants. It is in the cells, 
and is usually semifluid. Starch is not living matter. The 
process of building up the protoplasm is called dssimilation. 

187. Respiration. — In the maintenance and growth of 
the plant, energy is required. This energy is derived from 
the food that the plant has manufactured; and its ultimate 
source is the sunlight. For the release of this energy, chemi- 
cal changes are involved which require oxygen; as by- 
products, carbon dioxid gas is given off and water is formed 
in the cells; this whole process is respiration. This process 
of respiration is similarin animals. All animals require oxygen 
and give ofif carbon dioxid. Likewise, all living parts of 
the plant must have a constant supply of oxygen. 

188. In green plants, at night, carbon dioxid is given ofif 
into the air and oxygen is taken into the cells. In the day- 
time, respiration goes on, but the required oxygen is derived 
from the supply released in photosynthesis; and the carbon 
dioxid released in respiration supplies a part of the carbon 
dioxid used in photosynthesis. In the daytime, the plants 
tend to purify the air because they use carbon dioxid and 
give ofif oxygen. At night, like animals, they tend to make 
the air foul because they use oxygen and give ofif carbon 
dioxid. The carbon dioxid given ofif by a few plants at 
night, however, is so slight that it need not disturb one at all. 

189. The oxygen that the plants need may come into 
the plant through the stomaiay through pores in the stems or 
trunks of trees, or it may dififuse through the cell walls. 
All rapidly growing plants respire very freely. Germinating 
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seeds especially give off a large quantity of carbon dioxid. 
In a wide-mouthed bottle place several hundred germinating 
pea seeds. Fill a small vial with a filtered concentrated 
solution of barium hydrate. Place the vial in the bottle 
with the seeds. Do not spill the solution. Tightly stopper the 
wide-mouthed bottle and after several hours note the heavy, 
white precipitate that forms in it. As a check, place a 
similar vial of barium hydrate solution is a similar bottle 
tightly stoppered. Does a heavy precipitate form? Using 
a piece of glass tubing, blow air into a bottle of barium hy- 
drate. The exhaled air is rich in carbon dioxid. The water 
becomes turbid, due to the precipitate formed when carbon 
dioxid reacts with barium hydrate. 

Review. — ^What are the sources of the raw material? What part 
of the dry matter is carbon? What percentage of the air is carbon 
dioxid? How does it enter the plant? What is chlorophyll? What is 
necessary for its formation? What is meant by photosynthesis? What 
gas is given off in photosynthesis? What conditions are necessary for 
photosynthesis? What is meant by digestion of starch? What is meant 
by assimilation? Respiration? When does it occur? What gas is given 
off in the process? What gas is required in the process? Contrast the 
process of respiration in animals and plants. 



CHAPTER XV 

DBPBNDBNT PLANTS 

190. Dependent and Independent Plants. — Planta with 
roots and foliage iiBually depend on themselves. They 
collect the raw materials and make them over into assimi- 
lable food. They are independent. Plants without green 
foliage cannot make food: they must have it made for them 
or they die. They are dependent. The 
potato sprout (Fig. 45) cannot collect 
and elaborate carbon dioxid. It lives 
on the food stored in the tuber. 

191. All plants with naturally while 
or blanched parts are dependent. Their 
leaves do not develop. They live on 
ot^nic matter — that which has been 
made by a plant or an animal. The 
Indian pipe, aphyllon (Fig. 131), 
beech-drop, coral-root (Fig. 132) 
among flower-producing plants, also 
mushrooms as well as bacteria and 
other fungi {Figs. 133, 134, 135) are 
common examples. 

192. Saprophytes and Parasites. — 
A plant that lives on dead or decay- 
ing matter is a saprophyte. Mush- 
rooms are examples: they live on the 
decaying matter in the soil. Mtndd on 
bread and cheese is an example. Lay 

131. A pBruite, Browin( In a piece of moist bread on a plate and 

wooda. — Aphrlloa. It is in . , . ■ i .. > ,■ 

bloom. invert a tumbler over it. In a few 
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days it will be mouldy. The spores were in the air, or per- 
haps they had already fallen on the bread but had not had 
opportunity to grow. 

193. Saprophytes break down or decompose organic 

substances. Chief of these saprophytes are the 

microscopic organisms known as bacteria (Fig. 

136). These innumerable bodies are immersed in 

water or in animal and plant 

juices, and absorb food over 

their entire surface. By 

breaking down organic com- 

binations, they produce de- 
cay. Largely through their 

agency, and that of many 

true but microscopic fungi, 

all things pa^ into soil and 

gas. Thus are the bodies of ^^S. a mushroom, example 
. . 1*1 , of a saprophytic plant. 

plants and ammals removed 
and the continuing round of life is maintained. 
194. A plant that secures its nutrition di- 
rectly from a living plant or animal is a paroMte, 
and the plant or animal on which it lives is the 
host. The dodder is a true parasite. So are the 
rusts and mildews that attack leaves and shoots 
and injure them. The threads of the parasitic 
fungus usually creep through the intercellular 
spaces in the leaf or stem and send suckers (or 

haustoria) into the cells. (Fig. 137.) 
In some forms these threads (or 
hyphae) penetrate the cells. The 
hyphae clog the air-spaces of the leaf 
and often plug the stomata, and they 
also appropriate and disorganize the 
_ ^ „ ,. cell fluids: thus they injure or kill 

132. Corallorhisa or coral-root, 1 1 • i j. mi- i? i_ i_ i? 

showing the mycorhiaas. their nost. 1 he mass 01 hjrpnffi or a 




134. The Dultivated muahroom, s aaprophytic plant. 
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fungus is called mycelium. Some of the hypbe finally grow 
out of the leaf and produce spores or reproductive cells 
which answer the 
purpose of seeds 
in distributing the 
plant (6, Fig. 137). 
195. The ab- 
normal condition 
produced in plants 
by fungous and 
bacterial parasites 
and by other agents 
is known as a dis- 
ease. On some 
plants, the disease takes the form of a leaf -spot or a blight; 
in others swellings or gaUs are produced. Cankers on branches 
of trees and on stems of herbaceous plants are produced 
by fungi living in the affected tissue. The well-known fire- 
blight and blighircavker 
of pears are caused by 
bacteria. The rots of 
fruits and vegetables 
are largely produced by 
fungi or bacteria. 

196. Some parasites 
spring from the ground 
(Figs. 131, 132), as 
other plants do, but 
they are parasitic on 
the roots of their hosts. 
Some parasites may be 
partially parasitic and partially saprophytic. Many (perhaps 
most) of these root-saprophytes are aided in securii^ their 
food by soil fungi, which spread their delicate threads over 
the root>like branches of the plant and act as intermediaries 
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between the food and the saprophyte. The roots of the 
coral-root (Fig. 132) are covered with this fungus, and 
the roots have practically lost the power of absorbing 
nutrients direct. These fungus-covered roots are known as 
mycorhkas (meaning "fungus root"). Mycorhizas are 
• W^ not peculiar to saprophytes. They are found 

^^•* on many wholly independent plants as, for 

0^^ ^^ example, the heaths, oaks, apples and 

^ pines. It is probable that the fungus- 

laa. Baot«ria,maoh threads perform some of the offices of root- 

"'«"'*^ hairs to the host. On the other hand, the 
fungus obtains some nourishment from the host. The 
association seems to be mutual. 

197. Some parasites are green-leaved. Such is the mistle- 
toe. They anchor themselves on the host and absorb its 
juices, but they also appropriate and use 

the carbon dioxid of the air. In some 
groups of bacteria the process of photo- 
synthesis, or something equivalent to it, 
takes place. 

198. Parasitism and saprophytism are 
usually regarded as degeneration, that is, 
as a loss of independence. The ancestors 
of these plants might have been inde- 
pendent. Thus, the whole class of fun^ 
is looked upon as a degenerate evolution. 
The more a plant depends on other 
plants, the more it tends still further to 

lose its independence. '"iBag^ifi^"ThB"^i 

199. Epiphytes. — To be distinguished ^IXia ^oXn^^'thl 
from the dependent plants are those that ^ifyiog in the imf 
grow on other plants without taking food h'^ona p^Mtme 
from them; These are green-leaved plants Ap»n.™fhe"'io^ 
whose roots burrow in the bark of the t^^giu'haQg tr™ th* 
host plant and perhaps derive some food Sli," "" 
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from it, but which subsist chiefly on materials that they 
secure from air-dust, rain-water and the air. These plants 
are epiphytes (meaning "upon plants") of air-plants. 

200. Epiphytes abound in the tropics. Orchids are 
amongst the best known examples. (Fig. 13.) The Spanish 
moss or tillandsia of the South is another. Mosses and 
lichens that grow on trees and fences may also be called 
epiphytes. In the struggle for existence, the plants probably 
have been driven to these special places in which to find 
opportunity to grow. Plants grow where they must, not 
where they will. 

Review. — What is an independent plant? Dependent? Give 
examples. How are dependent plants distinguished from others in 
looks? Define saprophyte. Parasite. Give examples. What is a 
host? How does a parasitic fungus Hve on its host? What is meant by 
plant disease? What are hyphse? What is mycelium? What are root- 
parasites? Give examples. What is a mycorhiza? What is the relation 
of the soil fungus to its host? What is the role or office of saprophytes 
in nature? Are parasites ever green? Explain. What has probably 
been the evolution of most parasites and saprophytes? What is an 
epiphyte? Give examples. How do epiphytes live? Why may they 
have become epiphytes? 

Note. — Usually, the most available parasite is the dodder. It is 
conmion in swales from July until autumn, winding its coral-yellow 
stems about herbs and soft-growing bushes. It is a degraded mem- 
ber of the morning-glory family. It produces true flowers and seeds. 
These seeds germinate the following spring. The slender young vine 
grows from the ground for a time, but if it fails to find a host, it perishes. 
One of the dodders is a pest in alfalfa fields. From the Ohio River 
southward, the mistletoe is available. 
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LEAVES AND FOLIAGE 

201. Leaves may be studied from two points of view 
— ^with reference to their function j or what they do; and 
with reference to their forvif or their shapes and kinds. 

202. Function. — Leaves, as we have seen, make organic 
matter from carbon dioxid. Almost any part of the plant, 
however, may bear chlorophyll and perform the function 
of leaves. The general form and structure of leaves is 
intimately associated with their function: they are thin and 
much expanded bodies, thereby exposing the greatest pos- 
sible surface to light and air. The position of the leaves 
usually has relation to light, as we have seen (Chapter 
VIII). Leaves usually hang iji such a way that one casts 
the least shade on the other; those that have the least 
favorable positions die and fall. 

203. Parts. — Leaves are simple or un- 
branched (Fig. 138), and compound or 
branched (Fig. 139). The method of 
compounding or branching follows the 
style of veining. The veining, or venation^ 
is of two general kinds: in most plants 
the main veins diverge, and there is a 
conspicuous network of smaller veins: 
such leaves are netted-vemed. In other 
plants the main veins are parallel, or 
nearly so, and there is no conspicuous 
network: these are paraUelrveined leaves 
(Fig. 150). The venation of netted- 
veined leaves is pinnate or feather-like, 

(96) 




138. Simple leaf. One 
of the eupatoriums or 
boneeeto. 
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whoi the veins arise from the side of a continuous midrib 
(Fig. 138); palmate or digitate (band-like), when the veins 
arise from the apex of 
the petiole (Fig. 140). 
If the leaf were divided 
between the main veins, 
it would be pinnately 
or digitately compound. 
204. It is customary 
to speak of a leaf as 
compound only when 
the parts or branches 
188. Coiw«nd_™ ^^^ '«' »». """^ are completely separate 
blades, as when the 
division extends to the midrib (Figs. 139, 141, 142). The parts 
or branches are known as leaflets. Sometimes the leaflets 
themselves are compound, and the 
whole leaf is then said to be bi-com- 
pound or twice-compound (Fig. 139). 
Some leaves are three-compound, tour- 
compound, or five-compound. Decom- 
pound ia a general term to express any 
degree of compounding beyond twice- 
compound. 

205. Leaves that are not divided '*"■ Di«it»t*^"<i i»it«t« 
to the midrib are said to be: 

lobed, openings or sinuses not 
more than half the depth of 
the blade (Fig. 143). 
cleft, sinuses deeper than the 

middle. 
parted, sinuses two -thirds or 
more to the midrib (Fig. 144). 
divided, sinuses nearly or quite 

141. Pinutdy compound leaf of ash. tO the midrib. 
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The parts are called lobes, divMous, or segments, rather 
than leaflets. The leaf may be pinnately or digitately lobed, 
parted, cleft, or divided. A pinnately parted ■ ^B 
or cleft leaf ie sometimes said to be pinnaiifid. wL ^Hi - a 

206. Leaves may have one or all of ' :^<4^^fli9||lliBi^ 
three parts — Made or expanded part, peiioU -T 



or stalk, ^ptdes or appendages at the base ^ " ■ V{i^,^lr* 



of the petiole. All these parte are shown in ■ 

Fig. 145. A leaf that has all three of these ^ji_^:^i^Q^ 

parte is said to be cmnj^de. The stipules 4^^^Mk'' 

are often green and dHhSJIBAU!^ 

leaf -like and per- JSfElmtWWt 

form the function "WiWIinHlEIQ 

, !42. IHjitfttely com- ■ 

of foliage, as m the pound luf of nap- 
pea and Japanese ^^' 
quince (the latter common in 
yards). 

207. Leaves and leaflete that 
have no stalks are said to be sessiU 
(F^. 149), i.e., sitting. The same ia 

liS. Ix,bed Uri rf ™gar maple. ^^ ^ g^^^ ^^ j^^^ ^^ j^^^ 

of a sesale leaf may partly or wholly surround the stem, 

when it is said to be clasping (Fig. 146). In some cases the 

leaf runs down the stem, 

fomung a wing; such leaves 

are said to be deaarent 

(Fig. 147). When opposite 

sessile leaves are joined by 

tiieir bases, they are said 

to be connate (Fig. 148). 

208. Leaflete may have 
one or all of these three 
parts, but the stalks of leaf- 
lets are called petudvles and 
the stipules of leaflete are m. Didwieiy p.rted i™™. ot begoniit 
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called sUpela. The leaf of the garden bean has leaflets, 
petiolules, and stiples. 

209. The blade is usually attached to the 
petiole by its lower edge. la pinnate-veined 
leaves, the petiole seems to continue through 
the leaf as a midrA (Fig. 138). In some 
plants, however, the petiole 
joins the blade inside or be- 
yond the margin (Fig. 140). 
Such leaves are said to be 
taie or shield-shaped. This 
mode of attachment is par- 
' ticularly common in fioating 
leaves (e.g., the water-lilies). 
s. Complete luves Hs. ci»piD« i^r Peltate leaves are usually 
of willow. ofwiida.«r. jigitate-veined. 

210. Sluqte. — Leaves and leaflets are infinitely variable 
in shape. Names have been given to some of the more 
definite or regular shapes. These names are a part of the 
language of botany. They represent ideal or typical shapes, 
but there are no two leaves alike and very few that perfectly 
conform to the definitions. The shapes are hkened to those 
of familiar objects or of geometrical figures: 
lAnear, several times longer than broad, with the sides 

\ nearly or quite parallel. Spruces and most grasses 
are examples. (Fig. 150.) In hnear leaves, the main 
veins are usually parallel to the midrib. 
Oblong, twice or thrice as long as broad, with the sides 

\ parallel for most of their lei^h. Fig. 140 shows the 
short-oblong leaves of the box, a plant which is much 
used for edgings in gardens. 
Elliptic differs from the oblong in having the sides gradu- 
w ally tapering to either end from the middle. The Eu- 
^k ropean beech (Fig. 151) has elliptic leaves. (This tree 
l is often planted.) 
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Lanceolate, four i to six times longer than broad, widest 

Xbielow the middle and tapering to each end. Some of 
the narrow-leaved willows are examples. Most of 
the willows and the peach have oblong-lanceolate 
leaves. 
Spatulate, a narrow leaf that is broadest toward the apex. 

\The top is usually rounded. It is much like an oblong 
leaf. 

Ovate, shaped somewhat like the longitudinal section of 
^ an egg: twice as long as broad, tapering from near 
^^ the base to the apex. This is one of the commonest 
^ leaf forms. (Fig. 152.) 

Obovate, ovate inverted, — ^the wide part toward the apex. 
Jk Leaflets of horse-chestnut are obovate. This form is 
^^ commonest in leaflets of digitate leaves. 
Reniform, kidney-shaped. This form is sometimes seen in 
^^ wild plants, particularly in root-leaves. Leaves of 
^9 wild ginger are nearly reniform. 

Orbicular, circular in general outline. Very few leaves are 
^^ perfectly circular, but there are many kinds that are 
^^ nearer circular than any other 
shape. (Fig. 153.) 

The shape of many leaves is 
described m combinations of these 
terms, as ovate-lanceolate, lanceo- 
late-oblong. 

211. The shape of the base and 
apex of the leaf or leaflet is often ^ ^^^ 
characteristic. The base may be ■■ Deourrent 
rounded (Fig. 138), tapering (Fig. ^ mullein. 
127), cordate or heart-shaped (Fig. 
162), truncate or squared as if cut 
oflf. The apex may be blunt or obtuse, acute or sharp, 
acuminate or long-pointed, truncate (Fig. 154). 

212. The shape of the margin is also characteristia of 
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each kind of leaf. The margin is erUire whe» it is not indented 
or cut in any way (Fig, 149). When not entire, it may be 
undulate or wavy (Fig. 140), ser- 
rate or sftw-toothed (Fig. 152), 
deiUaie or more coarsely notched 
(Fig. 138), crenate or 
round-toothed, lobed, 
and other forms. 

213. Leaves oft«n 
differ greatly in shape 
on the same plant. 
Observe the different 
shapes of leaves on the 

148. Two p«in of oaruials leiives yOUUg gTOWths of mul- 

of hone)r.iickie. berHes (Fig. 88) and 

wild grapes; also on vigoroua squash and pumpicin 
vines. In some cases there may be simple and com- 
pound leaves on the same plant. This is marked 
in the so-called Boston ivy or ampelopsis (Fig. 155), 
a vine which is used to 
cover brick and stone build- 
ings. Different degrees of 
compounding, even in the 
same leaf, may often be 
found in honey-locust and 
Kentucky coffee tree. Re- ibo. Linear- 
mar kable differences in u^i ot 
forms are seen by com- '"^ 
paring seed-leaves with mature leaves 
of any plant (Fig. 156). 
i4». 214. The Leaf and Its Eaviron- 

8hort->biottgi«v«o(boi. ment— The form and shape of the 
leaf often have direct relation to the place in which the 
leaf grows. Floating leaves are usually expanded and flat, 
and the petiole varies in length with the depth of the water. 
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Submerged leaves are usually linear or thread-like, or are 
cut into very narrow divisions. Thereby is more surface ex- 
posed, and possibly the leaves are less injured by moving 
water. 




of purple beech. of hibiicUB. 1S3. Oibiculur lobad leaTM. 

215. The largest leaves on a sun-loving plant are usually 
those that are fully exposed to light. Compare the sizes of 
the leaves on the ends of branches with those at the base of 
the branches or in the interior of the tree-top (106). In 
dense foliage masses, the petioles of the lowermost or under- 
most leaves tend to elongai& — to push 
the leaf to the light. (Fig. 157.) 

216. On the approach of winter the 
leaf ceases to work, and often dies. 
It may drop, when it is said to be de- \ 
cidvmie; or it may remain on the plant, 
when it is said to be -perdsterd. If 
persistent leaves remain green during 
the winter, the plant is said to be 
evergreen. Most leaves fall by break- 
ing oflf at the lower end of the petiole 
with a distinct joint or articulation. tuuif-ww. 
There are many leaves, however, that wither and hang 
on the plant until torn off by the wind: of such are the 
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leaves of grasses, sedges, lilies, orchids, and other plants 
known as monocotyledons (Chapter XXV). Most leaves 

of this character are paral- 
lel-veined. 

217. Leaves also die and 
fall from lack of light. Ob* 
serve the yellow and weak 
leaves in a dense tree-top 
or in any thicket. Why do 
the lower leaves die on 
house-plants? Note the 
carpet of needles under the 
pines. All evergreens shed 
their leaves after a time. 
Counting back from the tip 
of a pine or spruce shoot, 
determine how many years 
the leaves persist. (Fig. 158.) In some spruces a few leaves 
may be found on branches ten or more years old. 

218. Although the forms and positions of leaves often 
have direct relation to the places and conditions in which 
the leaves grow, it is not probable that all forms and shapes 
have been developed to adapt the plant to its environment. 
It is probable that the toothing or lobing of the leaf-margins 
is due to the same causes that produce compounding or 
branching of leaves, but 
what these causes are is 
not known. It has been 
suggested that leaves have 
become compound in order 
to increase their surface and 
thereby to offer a greater 

exposure to light in shady places, but very many sun-loving 
species have compound leaves, and many shade-loving 
species have simple and even small leaves. Again, it has 



165. Different forms of leaves from 
one plant of ampelopsis. 




156. Muskmelon seedlings, with the unlike 
seed-leaves and true leaves. 
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been su^ested that compound leaves shade underlyii^ 
leaves less than simple leaves do. 

219. How to Tel! a Leaf.— It is often difficult to dis- 
tinguish compound leaves from leafy branches, and leaSeta 



IGT. A leaf mosafe of N<irwK<r maple. Not« the VKiying lengths of petjoleo. 

from leaves. As a rule, leaves can be told by the follow- 
ing tests: (1) Leaves are temporary structures, sooner 
. or later fallii^. (2) Usually buds are borne in their axils. 
(3) Leaves are usually borne at joints or nodes, (4) They 
arise on wood of the current-year's growth, (5) They have 
a more or less definite arrangement. When leaves fall, the 
twig that bore them remains; when leaflets fall, the main 
petiole that bore them falls also. 

Review. — How may leaves be studied? What is meant by function? 
What do leaves do? What other parts may perfonn the (unction 
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d leaves? How is the fotxa of leaves associated with their functitm? 
What are simple leaves? Compoimd? What is venation? What ate 
the types or kinds of venation? What are the two types of compound 
leaves? What is a leaflet? Define bi-compound; decompound. 
What are lobed, cleft, parted, and divided leaves? Pinnatifid 
leaf? Complete leaf? Complete leaflet? What is a sessile leaf? 
How may the petiole join the blade? How are the shapes of leaves 
named or classified? Define the shapes described in 210. Describe 
common shapes of the base of the leaf. Of the apex. Of the margin. 
How are the forms and sizes of leaves ever related to the place in which 
they grow? Why do leaves fall? Define deciduous. Persistent. Ever-, 
green. When do pine leaves fall? How can you distinguish leaves? 



tnecD the tip and A i» the last ki 
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CHAPTER XVII 

MORPHOLOGY, OR THE STUDY OF THE FORMS OF 

PLANT MEMBERS 

220. Botanists interpret all parts of the plant in terms 
of root J stem and leaf. That is, the various parts, as thorns, 
flowers, fruits, bud-scales, tendrils, and abnormal or un- 
usual members, are supposed to represent or to stand in 
the place of roots, stems (branches) or leaves. 

221. The forms of the parts of plants are interesting, 
therefore, in three ways: (1) merely as forms, which may 
be named and described; (2) their relation to function, or 
how they enable the part better to live and work; (3) their 
origin, as to how they came to be and whether they have 
been produced by the transformation or modification of 
other parts. The whole study of forms is known as morphology 
(literally, the "science of forms'')- We may consider examples 
in the study of morphology. 

222. It is customary to say that the various parts of 
plants are transformed or modified root, stem or leaf, but 
the words transformation and modification are not used in 
the literal sense. It is meant that the given part, as a tendril, 
may occupy the place of or represent a leaf. It was not 
first a leaf and then a tendril : the part develops into a ten- 
dril instead of into a leaf: it stands where a leaf normally 
might have stood: it is the historical descendant of the leaf. 

223. It is better to say that parts which have similar 
origins, which arise from the same fundamental type, or 
which are of close genealogical relationship, are homol- 
ogous. Thus the tendril, in the example assumed above, 
is homologous with a leaf. Parts that have similar funo- 

(106) 
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tioDS or perform similar labor, without respect to origins, 
are analogous. Thus a leaf-tendril is analogous to a branch- 
tendril, but the two are not homologous. 

224. There are five tests by means of which 
we may hope to determine what a given part 
is: (1) by the appearance or looks of the part 
(the least reliable test) ; (2) by the 
position of the part with relation 
to other parts — its place on the 
(3) by comparison with 
similar parts on other plants 
(comparative morphology) ; (4) by 
study of iniermediate or connecting 
parts; (5) by study of the develop- 
meni of the part in the bud or as it originates by means of 
the microscope (embryology). The last test can be applied 
only by the trained investigator, but it often gives the most 
eonclusive evidence. Even with the application of all these 
tests, it is sometimes impossible' to arrive at a definite con- 




to ongins, 
< a branch- 

r 



elusion as to the origin or morphology of a part. For ex- 
ample, it is not yet agreed whether most cactus spines 
represent leaves or branches, or are mere outgrowths of the 
epidermis (as hairs are). 
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225. The foUage 
of asparagus is com- 
posed of modified 
branches. The true 
leaves of asparagus 
are minute whitish 
scales, (a, Fig. 159.) 
The green foliage is 
produced in the axils 
of these scales. On 
the strong spring 
shoots of asparagus, 
which are edible, the 
true leaves appear as 
large scales, (a, a, 
Fig. 160.) These 
large scales persist on the base of 
the asparagus plant, even in the 

fall. In the species of greenhouse or ornamental 

asparagus, the delicate foliage is also made up of 

green leaf-like branches. (Fig. 161.) In some cases 

the true leaves fall after a time, and there is little 

evidence left. The strong new shoots usually show 

the true leaves plainly (as in Fig. 162). Branches 

that simulate leaves are known as dadophyUa 

(singular, cladophyllum). The broad flat leaves 

of florists' smilax (common in glasshouses) are 

cladophylla. 

226. In the study of morphology, it is not 
enough, however, merely to determine 
whether a part represents root, stem or 
leaf: one must determine what part or 
kind of root, stem or leaf it stands for. 
For example, the foliage in Fig. 163 rep- 
resents green expanded petioles. These 





163. PhvUodia of aca- 
cia. These Australian 
trees are sometimes 
grown in glasshouses. 



162. Strong 
new shoot 
of Afpara- 
guM Spren- 
0«r», fluiow- 
ingthetnie 
leaves and the 
iDranchea spring 
ing from the axils. 
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164. The thorns are in the axils 
of leaves. 



leaf-like members have buds (which produce branches) in their 
axils, and they have the arrangement or phyllotaxy of leaves; 

therefore they are considered to be 
true leaf parts. But they stand 
edgewise as if they might be pet- 
ioles; sometimes they bear leaf- 
blades; other acacias have com- 
pound expanded leaves; there are 
intermediate forms or gradations 
between different acacias; young 
seedlings sometimes show intermediate 
forms. From all the evidence, it is now 
understood that the foliage of the simple- 
leaf acacias represents leaf-like petioles. 
Such petioles are known as phyllodia (sin- 
gular, phyllodium). 

227.* Thorns and strong spines are tLSU- 
ally branches. The spines of hawthorns 
or thorn-apples are examples: they are 

borne in the axils 

of leaves as branches are (Fig. 164); 
hawthorns usually bea^r two or more 
buds in each axil (Fig. 165), and one 
or two of these buds often grow the 
following year into normal leafy 
branches (Fig. 166); sometimes the 
thorn itself bears leaves. (Fig. 167.) 
The thorns of wilding 
pears, apples and plums 
are short, hardened branches. In well-culti- 
vated trees there is sufficient vigor to push the 
main branch into longer and softer growth, so 
that the side buds do not have a chance to 
start. The thorns of osage-orange and honey- 
locust are also branches. Those of the honey- may bear ieav«. 




165. Two or more buds 
are borne in the axils. 




166. Some of the buds pro- 
duce leafy branches. 
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locust usually arise from Bupemumerary buds that are 

borne somewhat above the axils. 

228, Prickles, bristles and ioeak spines, wkieh have a 

definite arrangemerU on Oie stem, are usually 

modified leaves or parts of leaves. The spines 

of thistles are hardened points of leaf-lobes. 

The spines of the barberry are reduced 

leaves; in their axils are borne short branches 
or leaf-tufts (Fig. 168); in 
sprii^ on young shoots may 
be found almost complete gradations from 
spiny leaves to spines. The prickly ash has 
prickles (Fig. 169) that simulate stipules 
and stipels, but the irregularity of position 
indicates that they are not homologous with 
stipules. The prickles of the common locust 
(robinia) are usually interpreted as stipules. 
229. Prickles, bristles and hairs that are 
scattered or have no definite arrangemerU, are 
usuaUy mere outgrowths of the epidermis. 
They commonly are removed with the bark. 
Of such are the prickles of squashes, briars 
(Fig. 170), and the 

169. Small prieklH of rOSeS. 

the prickly «h. 230. The reason 

/or the existence of spines is difficult 
to determine. In many or most 
cases they seem to have no distinct 
use or function. In some way they 
axe associated with the evolution of 
the plant, and one cannot deter- 
mine why they came without know- 
ing much of the genealogy of the ^™' p^"^" "f d«wb«r,y. 
plant. In some cases they seem to be the result of the 
contraction of the plant-body, as in the cacti and other 



no MORPHOLOGY 

desert plants; and they may then serve a purpose in lessen- 
ing transpiration. It is a common notion that spines and 
prickles exist for the purpose of keep- 
ing enemies away, and that hairs keep 
the plant warm, but these ideas usu- 
ally lack scientific accuracy. Even if 
spines do keep away browsing animals 
in any plant, it is quite another ques- 
tion why the spines came to be. To 
determine what spines and hairs are 
for demands close scientific study of 
each particular ease, as does any other 
problem. 

231. Leaves are usually smaller as 
they approach the flowers. (Fig. 171.) j^i ^^ diinini.hii« ieav« 
They often become so much reduced ofbonewt. 

as to be mere scales, losing their otHce as foliage. Id their 
axils, however, the flower-branches may be borne. {Fig. 172.) 
Much-reduced leaves, particu- 
larly those that are no longer 
green and working members, 
are called bracts. In some 
cases, lai^e colored bracts are 
borne just beneath the flowers 
and look like petals : the flow- 
ering dogwood is an example; 
also the bougainvillea, which is 
common in glasshouses ; also the 
scarlet sage of gardens, some of 
the euphorbias or spurges, and 
the flaming poinsettia of green- 
172. Tha uppermosi flowen are borae houses. Sometimes a green leaf 

in the mils of braijta,— Fuohsia. , , , . ^'^, , 

IS borne close against a head or 
cluster of flowers, as in the clover (Fig. 173) ; but a separate 
bract or scale will be found for each flower in the head. 
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232. The scales of buds are special kinds of bracts. In 
some cases each scale represents an entire leaf; in others, 
it represents a petiole or stipule, 
In the expanding pear, maple, lilac, 
hickory and horse-chestnut buds, 
note the gradation from dry scales to 
green leaf-like bodies. When the 
winter scales fall by the pushing out 
of the young shoot, scars are left: 
these scars form "rings," which mark 
the annual growths. (See Chap. VII.) 
The scales of bulbs are also special 
kinds of leaves or bracts. In some 
cases they are merely protective bodies; 
in others they are storehouses. We 
have found (45) that the presence of 
scales or bracts is one means of dis- 
tinguishing underground stems from 

, '* ^ 173. Rod clover. Luna 

roots. 3-folialkte. 

Review. — What are conaidered to be the fundamental or type 
fonuB from which the parte of plants are derived? How do the forme 
of plants interest ub7 What is morphology? What is meant by trans- 
formation and modification as used by the morphologist? What ia 
meant by homologous parts? Analogous partfi? Tell how one may 
determine the morphology of any part. What is a cladophyllum? 
Phyllodium? Show a Bpecimen of one or the other, or both (canned 
asparagus can always be had in the market). What is the morphology 
of most thorns? Explain the thorns of hawthorn. What are bristles, 
prickles and hairs? Why do spinee and bristles. exist? Explain what 
aliractis. A bud-scale. A bulb-ecale. 



CHAPTER XVIII 

HOW PLANTS CLIBCB 

233. We have seen that plants struck or contend for 
a place in which to live. Some of them have become suited to 
grow in the forest shade, others to grow on other plants as 
epiphytes, others to climb to the light. Observe how woods 
grapes, and other forest climbers, spread their foliage on 
the very top of the forest tree, while their long flexile trunks 
may be bare. One who has seen a dense tropical forest has 
realized the struggle for light on the tops of the trees. 

234. There are several ways by which plants climb, but 
most climbers may be classified into four groups: (1) scram- 
blers, (2) root-climbers, (3) tendril-climhers, (4) twiners. 

235. Scramblers. — Some plants rise to light and air by 
resting their long and weak stems on the tops of bushes 
and quick-growing herbs. Their stems are elevated by the 

growing twigs of the plants 
; on which they recline. Such 
plants are scramblers. Usu- 
ally they are provided with 
prickles or bristles. In most 
weedy swamp thickets, 
scrambling plants may be 
found. Briars, some roses, 
bed-straw or galium, bitter- 
__ sweet (Solanuni Dulcamara, 

174. A root-cUmber.— The Enclish ivy. ^ i *l i 

not the celastrus), the tear- 
thumb polygonums, and other plants are familiar examples 
of scramblers. 

236. Root-climbers. — Some plants climb by means of 

(112) 
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true roote, aa explained in paragraph 31. These roots 
are of adventitious origin. They grow in a horizontal di- 
rection and enter the chlnka of walls'or the furrows in the 
bark of trees. Fig. 12, the trumpet creeper, is a familiar 
example. The true or English ivy, which is often grown to 
cover buildings, is another example. (Fig. 174.) Still another 



is the poison ivy. Roots are distinguished from stem tendrils 
by their irregular or indefinite position as well as by their 
mode of growth. 

237. Tendril-climbers. — A slender coiling part that 
serves to hold a climbing plant to a support is known as a 
t€ndril. The free end swinge or curves until it strikes some 
object, when it attaches itself and then coils and draws the 
plant close to the support. The spring of the coil also allows 
the plant to move in the wind, thereby enabling the plant 
to maintain its hold. Slowly pull a well-matured tendril 
from its support, and note how strongly it holds on. Watch 
the tendrils in a storm. To test the movement of a free ten- 
dril, draw an ink line lengthwise of it, and note that the line 
is now on the concave side and now on the convex side. 
Of course this movement is slow, but often it is evident in 
an hour or so. Usually the tendril attaches to the support 
by coiling about it, but the Vii^inia creeper and Boston ivy 
attach to walls by means of disks on the ends of the tendrils. 



114 HOW PLANTS CLIMB 

238. Since both ends of the tendril are fixed, when it 
finds a support, the coiling would tend to twist it in two. It 
will be found, howeVer, that the tendril coils in different 
directions in different parts of its length. In Fig. 175 the 
change of direction in the coil occurs at the straight place 
beyond the middle. In long tendrils of cucumbers and 
melons there may be several changes of direction. 



176. The fruit-cliuter and tendril of grape aie homolocoua, 

239. Tendrils may be either branches or leaves. In 
the Virginia weeper and grape they are branches; they 
stand opposite the leaves in the position of fruit-clusters 
(Fig, 176), and sometimes one branch of a fruit-cluster 
is a tendril. These teudrila are therefore homolc^ous with 
fruit-clusters, and fruit-cluaters are branches. 

240, In some plants tendrils are leafleta. Examples are 
the sweet pea (Fig. 177) and common garden pea. In 
Fig. 177, obsei-ve the leaf with its two stipules, petiole, 
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two normal leaflets and two or three pairs of leaflet-tendrils 
and a terminal leaflet-tendril. The cobea, a common gaN 
den climber, has a similar arrangement. In some cases 
tendrils are stipules, as probably in the greenbriera (smilax). 
241, The petiole or midrib may act as a tendril, as in 
various kinds of clematis. In Fig. 178, two opposite leaves 
are attached at a. Each leaf is pinnately compound and 



177. Id tbe sweet pea (ud gudan p«B) Che lua»u an tendrilL 

has two pairs of leaflets and a terminal leaflet. At b and 
c the midrib or rachis has wound about a support. The 
petiole and the petiolules may behave similarly. Examine 
the tall-growing nasturtiums in the garden. 

242. Twiners. — The entire plant or shoot may wind 
about a supjwrt. Such a plant is a twiner. Examples 
are bean, hop, morning-glory, moon-flower, false bitter- 
sweet or wax-work (celastrus), some honeysuckles, wi»- 
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tana, Dutchman's pipe, dodder. The free tip of the twining 
branch sweeps about in curves, much as the tendril does, 
until it finds support or becomes old and ri^d. 

243. Each kind of plant usually coils in only one direction. 
Most plants coil against the eun, or from the observer's 



178. Ctem&Us climba by means of ita [eaf-etalks. 

left across his front to his right as he faces the plant. 
Such plants are said to be antitropic, or to move against 
the sun from the position in which the observer stands. 
Examples are bean, morning-glory. The hop twines from 
the right to his left; such plants are eutropic (with tiie sun). 
Fig. 179 shows the two directions. 
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Rbvibw. — How do 

plants climb? Explain 
what is meant by 
Bcramblers. By root- 
climbetB. What is a 
tendril? How does it 
find a support? How 
does it coil? How does 
it grasp its support? 
What is the morph<^- 
ogy of the tendril of 
Virginia creeper? Of 
the pea? Of the clem- 
atis? What is a 
twiner? How does it 
find a support? What 
is an antitrOpic twiner? 
£utropio? 

Note. — The pupil 
may not un- 
derstand why 
the branch (as 
tendril and 
flower^luBter) 
Btanda oppo-'^ 

ait« the bud in the grape and Vii^nia creeper. Note tjiat a ' 

grape-flhoot ends in a tendril (a, Fig. 180), The tendril 

represents the true axis of the shoot. On the side a leaf is 

borne, from the axil of which the branch grows to continue 

the shoot. This branch ends in a tendril, b. 

Another leaf has a branch in its axil, and this 

branch ends in the tendril c. The real apex of the 

shoot is successively turned aside until it appears 

to be lateral, lliat is, the morphologically terminal 

points of the successive shoots are the tendrils, and 

the order of their appearing is a, 6, c. The tendrils 

branch: observe the minute scale representing a 

leaf at the base of each branch. This type of branch- 
ing — the axial growth being continued by successive 

lateral buds — is sympodiid, and the branch is a 

tjfmpode. Continuous growth from the terminal bud 

is monopodial, and the branch is a monopode. 




CHAPTER XIX 

FLOWER-BRAnCHES 

244. We have seen (87) that branches arise from the 
axils of leaves. Sometimes the leaves may be reduced to 
bracts and yet branches are borne in their axils (225). Some 
of the branches grow into long limbs; others become short 
spurs or thorns (227) ; others bear /lowers. 

245. Flowers are usually borne near the 
top of the plant, smce the plant must grow 
before it blooms. Often they are produced in 
great numbers. It results, therefore, that 
flower-branches usually stand close together, 
forming a cluster. The shape and arrange- 
ment of the flower-cluster difi'er with the kind 
of plant, since e--"- 
plant has its own m' 
of branchii^. 

246. Certain defl] 
or well-marked ty 
of flower-clusters h 
received names. Sc 
of these names we s] 

'■ discuss, but the 
flower-clusters that 
perfectly match the definitions are 
the exception rather than the rule. 
The determining of the kinds of 
flower-clusters is one of the most 
perplexing subjects in descriptive 
botany. We may classify the sub- 
(118) 
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ject around three ideas: solitary 
fiowers, corymbose dusters, eynwae 
clusters. 

247. Solitary Flowers.— In 
many cases flowers are borne 
singly. They are then said to be 
solitary. The solitary flower may 
be either at the end of the main 
shoot or axis (Fig. 181), when it 
is said to be terminal, or from 
the side of the shoot (Fig. 182), 
when it is said to be iaterai. >83.l-.iyfl< 
The lateral flower is also ssjd to be axillary. 

248. CorymboBe Clusters.— If the 
flower -bearing axils were rather close 
together, an open or leafy flower-cluster 

. might result, as in Fig. 183. The fuchsia 
continues to grow from the tip, and the 
older flowers are left farther and farther 
behind. If the cluster were so short as 
to be flat or convex on top, the outer- 
most flowers would be the older. A 
flower-cluster in which the lower or outer 
flowers open first is said to be a corym- 
bose cluster. It is sometimes said to be 
an indeterminate cluster, since it is the re- 
sult of a type of growth which may go on 
more or less continuously from the apex. 

249. The simplest form of a definite 
corymbose cluster is a raceme, which is 
an unbranched open cluster in which the 
fiowers are borne on short stems and 
bloom from below (that is, from the older 
part of the shoot) upwards. The r 
may be terminal to the main branch, o 
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may be lateral to it, as 
in Fig. 1S4. Racemes 
often bear the flowers 
on one Ende of the stem, 
or in a single row. 

250. When a corym- 
bose flower-cluster is 
long and dense and the 
flowers are sessile or 
nearly so, it is called a 
spike (Figs. 185, 186). 
Common examples of 

spikes are plantain, iss. l«« .pik.= of t.i»e 
mignonette, mullein. dregoa>4i«d or physo- 

251. A very short **•"" ige. spike ot 
and dense spike is a head. Clovers (Figs. 173, tJSw.' ri!i; 
187) are examples. The sunflower and related IS^*,^ 
plants bear many small flowers in a very dense pj^ut'ed 
head. This special kind of head of the sun- ^J^ ,'J^ 
flower, thistle and aster tribes has been called Qdy*wii«r 
an arUkodium, but this word is little used. Note beioggiven. 

that in the sunflower (Fig, 188) the outside or 
exterior flowers open first. Very often the antho- 
dium terminates the main stem, as in Fig. 189. 

252. Another 
^lecial form of 
spike is the cat- 
kin, which usu- 
ally has scaly 
bracts and the 
whole cluster is 
deciduous after 
flowering or 
1S7. fruiting, and the 

^'"dlU?.'"™ 188. H»d ot sunflo-w. flowcTS (in typi- 
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cal cases) have only one sex. Ex- 
amples are the "pussies" of willows 
(Fig. 229) and flower-clusters of 
oaks (Fig. 228); hickorieS; poplars 
and wahiut (Fig. 190). 

253. When a loose, elongated 
corymbose flower-cluster branches, 
or is compound, it is called a pan- 
icle. Because of the earlier growth 
of the lower branches, the panicle 
is usually broadest at the base or 
conical in outline. The flower- 
cluster of the oat is an example. 
(Fig. 191.) True panicles are not 
common. 

254. When an indeterminate 
flower-cluster is short, so that the 

top is con- 





189. Terminal heads of. the whiter 
weed (in some places erro- 
neously called ox-eye daisy). 



190. Catkins of black walnut, 
at b. Pistillate flowers at a. 
Paragraph 284. 



vex or flat, 
it is a 
cor ymb . 
(Fig. 192.) 
The outer- 
most flowers open first. Fig. 193 
shows many corymbs of the bridal 
wreath, one of the spireas. 

255. When the branches of an 
indeterminate cluster arise from a 
common point, like the frame of 
an umbrella, the cluster is an umbel. 
(Fig. 194.) Typical umbels occur 
in carrot, parsnip, parsley and other 
plants of the parsley family: the 
family is known as the Umbelliferse. 
or umbel -bearing family. In the 
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carrot and many other Umbelliferee, 
there are small or eecondary umbels, 
called umbeUets, at the end of each of 
the main branches. (In the center of 
the wild carrot umbel one often finds a 
single, purplish, often aborted flower, 
comprising a 1-flowered umbellet). 

256. CymoBe ClusterB.— When the 
terminal or central fiower opens first, 
the cluster is said to be cymose. The 
growth of the shoot or cluster is deter- 
minate, since the length is definitely 
determined or stopped by the terminal 
flower. Fig. 195 shows a determinate 
or cymose mode of flower-bearing. 

257. Dense cymose clusters are 
191. Pwiioie of ost usually flattisb on top because of the 

cessation of growth in the main 
or central axis, but cymes are 



102, Corymb of oandytuft. 193. CoTymba of the bridal wreath (iqidnft). 
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sometimes open and loose. 
These flower-clusters are known 
as cymes. Apples, pears (Fig. 
196) and cherries bear flowers 
in cymes. Some cyme-forms 
are like umbels in general ap- 
pearance. A head-like CymOSe 1M, Compound umbel of 
cluster is a glomerule: it blooms ™irot. 

from the top downwards rather than 
from the base upwards. 

258. Centripetal and Centrifugal. — 
A cluster in which the outermost 
(or lowermost) flowers open first is 
corymbose or indeterminate, as we 
have learned; it is also said to be 
centripetal (meaning "toward the cen- 
ter"). A cluster in which the inner- 
most or central flowers open first is 
cymose or determinate; it is also said 
to be centrifttgal (meanii^ "away from 
the center"). These contrasts can 
best be under- 
stood by study 
of diagrams, 
since actual 
clusters so often 
vary from the 
assumed stan- 
} are presented in 

jters.-Often the iw-cy™<>fp™. 

g determinate in one part and indeter- 
minate in another part of the same cluster. This is the case 
in horse-chestnuts. The main cluster is indeterminate, but 
the branches are determinate. The cluster has the appear- 
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107. Forms of centripetal flower-olusters. 
1, raoeme; 2, spike; 3, umbel; 4, head or anthodium; 5, corymb. 



e 






198. Centripetal inflorescence. 
6, spadix; 7, compound umbel; 8, catkin. 





109. Centrifugal inflorescence. 
1, C3rme; 2, soirpioid cluster (or half cyme) 
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ance of a panicle, and is usually so called, but it is really a 
thyrse. Lilac is a familiar example of a thyrse. In some 
cases, the main cluster is determinate and the branches are 
indeterminate, as in hydrangea and elder. Such clusters also 
are mixed clusters. 

260. Inflorescence. — The mode or method of flower 
arrangement is known as the infioreacerux. That is, the 
inflorescence is cymose, corymbose, paniculate, spicate, 
solitary. By custom, however, 

the word inflorescence has come 
to be used for the fiower-cluster 
itself in works on descriptive 
botany. Thus a cyme or a 
panicle may be called an inflo- 
rescence. It will be seen that 
even solitary flowers follow either 
indeterminate or determinate 
methods of branchii^. 

261. 1^16 Flower-stem.— The 
stem of a solitary flower is known 
as a peduncle; also the general 
stem of a flower-cluster. The 

stem of the individual flower in 200. scap^ 01 tiw true or 

a cluster is a pedicel. EdbU'Oi d»ky. 

262. In the so-called stemless plants (37) the peduncle 
may arise directly from the ground, or crown of the plant, 
as in dandelion, hyacinth (Fig. 186), garden daisy (Fig. 200). 
This kind of a peduncle is called a scape. A scape may bear 
one or many flowers. It has no fohage leaves, but it may have 
bracts. In some cases, of course, the flowers are sessile, and 
in others very nearly sessile (207). In Fig. 201, the little 
fruits (following the flowers) are in close clusters in the axils 
of the leaves. 

RuviBW. — WhEt is the homoli^y of flower-brancheB? How is it 
that flowere are often borne in clusters? E^lain what may be meant 
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by a BolHafy fiower. What are the two typ«6 of flower-clusten? What 
are corymbose cluBtera? Define raceme. Spike. Head and anthodium, 
CatJdn. Panicle. Umbel. Umbellet. Corymb. What are eymose 
dusters? What is a cyme? Glomerule? Contrast indeterminate and 
deteiminate modes of braDching. Centripetal and centrifugal. Explain 
mixed clusters. What is a thyrse? Define peduncle, pedicel and aciqw. 
Note. — In the study of flowei-clusters, it is wejl to choose first 
those that are fairly typical of the various classes discussed in the 
preceding paragraphs. As soon as the main types are well fixed in the 
mind, random cluatera should be eicamined, tor the pupil muat never 
receive the impression that all flowe^.cluHte^8 follow the definitions in 
books. Clusters of some of the commonest plants are very puzzling, 
but the pupil should at least be able to discover whether the infiores- 
cence is determinate or indeterminate. 



201. Tba pnctio^lr leasile uilluy dua 
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THE PARTS OF THE FLOWER 



263. The flower exists for the purpose of producing 
seed. It is probable that all its varied forms and colors 
contribute to this supreme end. These forms and colors 
please the human fancy and make living the happier, but 
the flower exists for the good of the plant, not for the good 
of man. 

264. The parts of the flower are of two general kinds — 
those that act as covering and protecting organs, and those 
that are directly concerned in the production of seeds. The 
former parts are known as the floral envelopes; the latter as 
the essential organs, 

265. Envelopes. — The floral envelopes usually bear a 
close resemblance to leaves. These envelopes are very com- 
monly of two series or kinds — ^the outer and the inner. The 
outer series, known as the calyx, is usually smaller and green. 
It commonly comprises the outer cover of 
the flower-bud. The calyx is the lowest 

whorl in Fig. 202. 

The inner series, 

known as the co- 
rolla, is usually 

colored and more 

special or irregular 

in shape than the 
calyx. It is the showy part of the flower, as a rule. The 
corolla is the second or large whorl in Pig. 202. It is the 
large part in Fig. 203. 

266. The calyx may be composed of several leaves. Each 

(127) 




202. Flower of a butter- 
cup in section. 




203. Flower of buttercup. 
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leaf is a sepal. If it is of one piece, it may be lobed or di- 
vided, in which case the divisions are called calyx-lobea. In 
like manner, the corolla may be 
composed of petals, or it may be 
of one piece and variously lobed. 
I 267. A calyx of one piece (as in 
j Fig. 204), no matter how deeply 
lobed, is gamosepaloua. A corolla 
of onepieceisffamopetoious. When 
these series are of separate pieces 
{as in Fig. 202), the flower is said 
to be polysepalous and polypelalous. 
Sometimes both series are of sep- 
arate parts, and sometimes only 
one of them is so formed. The 
floral envelopes are homologous 
with leaves. 

268. Sepals and petals, at least when more than three or 
five, are each in more than one whorl, and one whorl stands 
below another so that the parts over- - 

lap. They are borne on the expanded 
or thickened end of the flower-stalk: 
this end is the tonis. In Fig. 202 all 
the parts are seen as attached to the 
torus. This part is sometimes called 
a receptacle, but this word is a com- 
mon-language term of several mean-»= 
ings, whereas torus is a technical word 
exclusively. Sometimes one part is 
attached to another part, as in the 
fuchsia (Fig. 20S) in which the petals 
are borne on the calyx-tube. 

269. Essential Organs.— The r 
essential organs are borne within 205. FiJ! rf foohrf, 
the floral envelopes (when envelopes inModtai. 
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are present). They are of two series. The outer series is 
composed of the stamens. The inner series is composed of 
the pisHla. Stamens and pistils are 
homologous with leaves. 

270. Stamens bear 
the pollen, which is 

206, B^ of-«««.™ p... ^^ \\^ °^« up of a large 
" number of minute 

^uturoup! o'oe' in grains. The stamen is 
i™*tudii*i«wti™. ^f t^o p^rts, as readily 
seen in Figs. 202, 203, 205,— the enlarged terminal part or 
anther, and the stalk or JUament. The filament is often so 
short as to seem to be absent, and the 
anther is then said to be sessile. The anther 
bears the pollen grdns. It is made up of 
two or four parts (known as sporangia or 
spore-cases), which burst and dischai^e the a 
polletL When the pollen is shed, the i 

stamen dies. ZOS. Compound ptatU 

271. Pistils bear the owks, which become lE hS/^^iT'** 
eeeds. The pistil may be of 
one part or compartment, or 
of many parts. The different 
units or parts of which it is 
composed are carpels. Each 
carpel is homologous with a . 
leaf. E^h carpel bears one 
or more seeds. A pistil of 

one carpel is simple; of two 209. The Mmotnro of a plum bIo»om. 

or more carpels, compound. m^^'^.'i^t^^^%il^k'''n^LSi 
Usually the structure of the ™™^^''he'XfpSE!''■T£!'rti'^ 
pistil may be determined by ^lenTba^s." Ti^r.S.'fHpJ^ 
cutting across the lower or '°**' ^*"' '™"~ 
seed-bearing part. Figs. 206, 207, 208 explain. A flower may 
contain one carpel (simple pistil) as the pea (Fig. 206); 
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several separate carpels or siinple pistils, as the 
buttercup; or a compound pistil, as the St. John's- 
wort (Kg. 208). 

272. The pistil, whether ample or compound, 
has three parts: the lowest or seed-bearing part, 
which is the ovary; the siipma at the upper 
extremity, which is a flattened or expanded 
surface and usually roughened or sticky; the 
stalk-like part or ^yU, connectii^ the ovary 
and stigma. Sometimes the style is appar- 
ently wanting, 
and the stigma 
is said to be 




aiO. Knotwnd. 
lUoiifl hud 

■hown M the right. These Scnren ue very 
boms in the uils of the leaves. 



on the 
ovary. These 
parts are shown 
in the fuchsia, 
Fig. 205. The 
ovary or seed vessel is at a. A long style, bearing a large 
stigma, projects from the flower. See, „ y 

also, Figs. 207 and 209. '^«^ 

273. Conframation of the Flower.-^- CW\ 
A flower that has calyx, corolla, stamens *Vi-^ 
and pistils is said to be complete; all 

others are incomplete. In some flowers 
both the floral envelopes are wanting: 
such are naked. When one of the floral 
envelope series is wanting, the remaining 
series is said to be calyx, and the flower 
is therefore apetaUms (without petals). 
The knotweed (Fig. 210), smartweed, 
buckwheat, elm (Fig. 96), are examples. 

274. Some flowers lack the pistils but „. . „ _, _, 

*^ 211. Flower of euden 

have stamens: these are stamtnaie, nMturtium. 8epa™te 
whether the envelopes are missing or ^loi!^' iiito%°^^." 
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not. Others lack the stamens but have pistils: these are 
pisHUate. Others have neither stamens nor pistils: these are 
^^^^ .. sterile (snowball and hydrangea). 

^^^^^^ ^dj^^B Those that have both stamens and 
^H|^Hh J^^HB pistils are -perfect, whether or not 
^^^B^ X^l^^w "^^ envelopes are missing. Those 
that lack either stamens or pistils 
! imperfed, or didinoug. 
I Stamina,t« and pistillate 
flowers are imperfect or 
diclinous. 

275. Flowers in which 
the parte of each series 
313. Flower are alike are ^ 
said to be rei^uZar 
(as in Figs. 202, 203, 204, 205). Those in which 
some parts are unlike other parts of the same series 
are inegvlar. The irregularity may be in the calyx, 
as in nasturtium (Fig, 211); in the corolla (Figs. 
212, 213); in the stamens (compare nasturtium, 
catnip (Fig. 213) sage, or m the pistils. Irregularity 
is most frequent in the corolla. 

Review. — What is the flower for? What are the two 
general kinds of organs in the flower? What is the 
homology of the flower-pute? What 
are floral envelopes? Calyx? Sepals? 
Calyx-lobes? Corolla? Petals? Corolla- 
lobee? Gamoeepalous flowers? Gamo- 
pet&Ious? Folysepalous? Polypetalous? 
Define torus. What are the essential 
organs? Stamen? Filam^t? Anther? 
Pollen? Pistil? Style? Stigma? Ovary? j 
Carpel? Define a complete flower. In ! 
what ways may flowras be incomplete? j 

Explain perfect and imperfect <or di- Dtawot- 

olinous) flowers. Define regular flowers. ^14. imp™™d *?f,S^ 
In what ways may flowra^ be irregular? nud tor leoc ua. 
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NoTD. — One needs a lens for the eicaniination of the flower. It is 
best to have the lens mounted on a frame, so that the pupil has both 
hands free for pulling the flower in pieces. An ordinary 
pocket lens may be mounted on a wire in a block, as in 
Fig. 214. A cork is slipped on the top of the wire to avoid 
injury to the face. The pupil should be provided with two 
dissecting needles (Fig, 215), made by securing an ordinary 
needle in a pencil-like stick. Another convenient airanKe- 
ment is shown in Fig. 21Q. A smaJl tin dish ia used for the 
baee. Into this a stiJT wire standard is 
soldered. The dish is filled with solder, 
to make it heavy and firm. Into a cork 
slipped on the standard, a crosawire is 
inserted, holding on the end a jeweler's 
glass. The lens can be moved up and 
down and aidewise. This outfit can be 
made for about seventy-five cents. Fig. 217 
shows a convenient hand-rest or dissecting 
stand to be used under this lens. It may be 
18 in. bng, 4 in. high, and 4 or 5 in. broad. 
Various kinda of diasecting mlcroHcopes are on 
the market, and theae are to be recommended 
when they can be afforded. 




CHAPTER XXI 

FERTILIZATION AND POLLINATION 

276. FertUizatioiL — Seeds result from the union of two 
elements or parts. One of these elemente', a nucleus of a 
plant-cell, Is borne in the germinating poUen-grain. The 
other element, an egg-cell, is borne in the ovary. The pollen- 
grwn falls on the stigma. (Fig. 218.) It absorbs water or the 
juices exuded by the stigma and grows by sending out a 
tube. {Fig. 219.) This tube grows downward through the 
style, absorbing food as it goes, and finally reaches the egg- 
cell in the interior of an ovule in 
the ovary, and fertilization by the 
union of the two nuclei takes place. 
The ovule then develops into a 
seed. The growth of the pollen- 
tube is often spoken of as gemii- 
nation of the pollen, but it is 
not germination in the sense in 
which the word is used when 
; of seeds. 

277. In order that 
the pollen may grow, 

the stigma must be ripe. At this stage, the 
stigma is usually moist and sometimes sticky. 
The pollen is held by the mucilaginous secre- 
tion on the stigma. The stigma may be barbed 
or feathery and hold the pollen by this means. 
Observe the stigma of some of the lilies. In 
com the "silk" constitutes the style, and the 
stigma is feathery. A ripe stigma is said to be 
(133) 




21S. B. poUeD ai plum Mopitic 
from SDtlier. A, pollui germlD- 
atiiLv OQ Uie stigma. EulmrcHL 
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receptive. The stigma may remajn receptive for several hours 
or even days, depending on the kind of plant, the weather, 
and how soon pollen is received. When fertiUzation takes 
place, the stigma 
dies. Notethedried 



( by lids. 222. Flower of hollyhock: pnitflrBndrouii. See Fig. 223. 

end of the "silk" of com. Observe, also, how soon the petals 
wither after the stigma has received pollen. 

278. Pollination. — The transfer of the pollen from anther 
to stigma is known as pollination. The pollen may fall of its 
own weight on the adjacent stigma, or it may be carried 
from flower to flower by wind, insects or other agents. There 
may be self-pollincdion, doae-pollination or croaa-pollinaiion. 
In self-pollination, 
the pollen that falls 
on the pistil is de- 
rived from the same 
flower. In close- 
pollination, the pol- 
len may be derived 
from different flowers 
on the same plant. 
In cross-pollination, 
the pollen b derived 
from flowers on difEer- 
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ent plants. Fertilization resulting from self- or close-pollina- 
tion is dose-fertilization. Fertilisation resulting from cross- 
pollination is cross-f&aiizalion. In 
many cases' cross-pollination is 
essential for good seed or fruit 
development. Com, if close-pol- 
linated, pro- 
duces imperfect 
ears. Culti- 
vated plants 
frequently ex- 
hibit decreased 
vigor by close- 
pollination. 

279. Usually 22r Envelop™ QtnUrtspur. Tbera 

. an five wide KpalSt the upper 

the pollen ]Sd)S- one beioc muired. Tlwn sn 

charged by the ^- ^"""' "' '"''*"■ "^ '™" '*'^ 
bursting of the anthers. The commonest method of discharge 
is through a sht on either side of the anther. (Fig.2l8.) Some- 
times it discharges through a pore at the apex, as in azalea 
(Kg. 220), rhododendron, huckleberry, wintergreen. In 
some plants a part of the anther wall 
raises or falls as a lid, as in barberry (Fig. 
221), blue cohosh, May apple. The open- 
ing of an anther (as also of a seed-pod) is 
known as dehiscence. When an anther or 
seed-pod opens it is said to dehisce. 

280. Most flowers are so constructed aa 
to increase the chances of cross-pollination. 
The commonest means of insuring cros^ 
pollination is the diiferent times of matur- 
ing of stamens and pistils in the same 
flower. In most eases the stamens mature 
u of iMk- first: the flower is then proterandrmis. 
luT" "^ When the pistils mature first the flower is 
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proterogynous. (,Aner, andr, is a Greek root often used, in 
combinations, for stamen, and gyne for pistil.) The dif- 
ference in time of ripening may be an hour or two, or it 
may be a day. The ripening of the stamens and pistils at 
different times is known aa dichogamy, and flowers of such 
character are said to be dichog- 
amous. There is little chance 
for dichogamous flowers to pol- 
linate themselves. The holly- 
hock is proterandrous. Fig. 222 
shows a flower recently ex- 
panded. The center is occupied 
by the column of stamens. In 
Fig. 223, showing an older 
flower, the long styles are con- 
spicuous. Many flowers are im- 
perfectly dichogamous — some 
of the anthers mature simul- 
taneously with the pistils, so 
that there is chance for self-pol- 
lination in case foreign pollen 
does not arrive. Even when the 
stigma receives pollen from its 
own flower, cross -fertilization 
may result. 

281. Some flowers have so 
developed as to prohibit self- 
227. T<ad.fla.i,a„Lo«et-pot[inai«i VolUmtion. Very irregular flow- 
flower. erg are usually of this cate- 

gory. Regular flowers usually depend on dichogamy and 
on the impotency of pollen on the pistil of the same flower. 
Flowers that are very irregular and provided with strong 
perfume are usually pollinated by insects. Gaudy colors 
probably attract insects in many cases, but odor appears to 
be a greater attraction. The insect visits the flower for the 
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nectar (for the makii^^ of honey) and may unknowingly 
carry the pollen. Spurs and sacs are commonly nectaries, 
but in spurless flowers the 



22S. Stamiaate mtkiiu of oak. Tht platil- 
Lato QoveiB are in the leaf axila. 



nectar is 

the bottom of the flower-cup. 
Fig. 224 shows a larkspur, 
and the envelopes are separ 
rated in Fig. 225. The long 
spur at once suggests insect 
pollination. The spur is sepal. 
Two hollow petals project 
into this spur, apparently 
serving to guide the bee's 
tongue, but probably of no sig- 
ni&iance. The two smaller petals, in front, are differently 
colored and seem to serve the bee in locating the nectary. 
The stamens ensheath the pistils. (Fig. 226.) As the insect 
stands on the flower and thrusts his head into its center, the 
envelopes are pushed downward and outward and the pistil 
and stamens come in contact 
with his abdomen. Since the 
flower is proterandrous, the 
pollen which the pistils receive 
from the bee's abdomen must 
come from another flower. Note 
a somewhat similar arrange- 
ment in the toad-flax or butter- 
and-eggs. (Fig. 227.) Clover 
and alfalfa are pollinated by 
insects. 

282. The bee is perhaps the 
most efficient of all insects in 
distributing pollen, for in ad- 
dition to carrying away pollen accidentally in its search for 
nectar, it also deliberately gathers pollen from the flowers. 




L^ Calldiu of a wiUor. A etaminate 
flowar 1b ebova at i. and a instil- 
UU flower at p. The at 
and pistillate are on i 
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In certain seasons, moreover, it confines 
itself to a single species of {ilants. Bees are 
very useful to the fruit-grower, wholly aside 
from the honey that they make for him. 

283. Many flowers are pollinated by the 
mnd. Such Sowers produce great qusatities 
of pollen, for much of it is wasted. They 
usually have broad stigmas, which expose 
large surfaces to the wind. They are usu- 
ally lacking in gaudy colors and in perfume. 
Grasses and pine trees are typical examples 
of wind-pollinated plante. 

284. In many cases cross-pollination is 
insured by the stamens and pistils being 
in different flowers (diclinous, 274). When 
the staminate and pistillate flowers are on 
the same plant, e.g., oi^ (Fig. 228), beech, 
chestnut, 
hazel, walnut 
(Fig. 190), 
hickory, the 
plant is mon- 
«a»», ("in 

one house"). When they are, 
on different plants (poplar and 
willow. Fig. 229), the plant is 
dicEcums ("in two houses"). 
Moncecious and dioecious 
plants may be pollinated by 
wind or inBects, or other agents. 
They are commonly wind- 
pollinated, although willows 

are often, if not mostly, in- 33,. e^^ ^„.p™h,«^ thepinu- 
sect-pollinated. Some plants, i*'* Oowtn t«tiu«d by poUbe bone 

. ,,. . in tha UHtl, the whots esaloHil in k 

as rye, insure cross-pollination huk « ihuth. 
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because the pollen of one Qower 
U impateat on the pistil of 
that flower. Buckwheat is 
another such plant. 

285. The com plants are 
monoecious, imd therefore self- 
pollination is impossible. The 
staminate flowers of the In- 
dian com are in a terminal 
panicle or tassel. (Fig. 230.) 
The pistillate flowers are in a 
dense spike (ear), inclosed in a 
sbeathorhusk. (fig. 231.) Each 
"silk" is a style. 
Each pistillate 
flower may produce 
a kernel of com. 
Sometimes a few 
pistil- 



232, Puiicle or la 



late flowers are borae in the tassel 
and a few staminate flowers on the 
tip of the ear. In sorghums, broom- 
com and kafirs (Kga. 232, 233, 234), 
the two kinds of flowers are in the 
same cluster or tassel. 

286. Although most flowers are of 

such character as to insure or increase 

the chances of cross-pollination, there 

are some in which crossing is abso< 

Iut«ly forbidden. These flowers are 

^v "^ tto usually home beneath or on the 

^i^)'b seid' ground, and they lack showy colors 

^?ot»i^ and perfumes. They are known as 

I^T^u*^ ctewiOj;a»M)us.^<MDers (meaning "hidden 

i"). The plant has normal 
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showy flowers that may be inflect^wllinated, and in addi- 
tion is provided with these q>ecia]ized flowers. Only a few 
plants bear cleistogamous flowers. Hog-peanut, common blue 
violet, fringed winter- 
green, and dalibarda . 
are the best subjects 
in the northern states. 
Fig. 236 shows a cleis- 
togamous flower of the 
hog-ptianut at a. Above 
the true roots, slender =ieLrt=«iu,.™ 

rhizomes bear these flowers, which are provided with a 
calyx and a curving corolla that does not open. Inside are 
the stamens and pistils. The 
pupil must not confound 
the nodules on the roots of 
the hog-peanut with the 
cleistogamous flowers: these 
% nodules are concerned in the 
appropriation of food. Late 
f in summer the cleistogamous 
flowers may be found just 
underneath the mold. They 
never rise above the ground. 
The following summer one 
may find a seedling plant 
with the remains of the old 
cleistogamous flower still 
adhering to the root. The 
hog-peanut Is a common low 
twiner in woods. It also 
bears racemes of small pe^ 
nice flowers. Cleistogamous 
flowers usually appear after 
the showy flowers have 
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passed. They seem to insure a crop of seed by a method 
that expends . httle of the plant's energy. 
(Fig. 236.) 

287. There ;; 
is a special 
and peculiar 
structure in A 
the peanut or ."^ 
goober. The' 
flowere are of 
two kinds. 

One is showy and staminate (shown uppermost 
in Fig. 237) ; and one is small and pistillate, and 
after fertilization is thrust downward into the 
earth by the elongation of the torus and flower- 
stem, and the pods ripen underground. (Fig. 238.) 

288. Mowers may be cross-poUinaied by hand. 
One may carry the pollen of a given flower to the pistils 
of another flower, for the purpose of seeurii^ seeds that 
may combine some of the characteristics of the two parents. 





In this case, the stamens are early removed from the flower 
to be pollinated so that all possibility of self-fertilization is 
averted; and after the other pollen is applied, the flower is 
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protected by beii^ securely covered with a paper b^. (Fig. 
239.) In moncecious plsats, if the staminate flowers are 
removed or covered cloee-fertilUatJon is prevented. 

Review. — Wliat is fertilication? Follinflitioa? 
Pollen gramiiiation? What is a receptive stigma? 
How b pollen discharged? How ie croes-pollinar 
tion aecured? Am plants benefited by raoe»pol- 
lituktion? What is meant by impot«nt pollen? 
What do jrou understand by dichogamy? Its office? 
Is it frequent? What is the characto' of insect- 
pollinated flowers? Why is the bee as effective 
insect in distributing pollen? What is the a^ 
nificanoe of irregularity in flowers? Where is the 
nectar borne? What are monoecious and dicedous 
flow««? Cleistogamous flowers? Why may flowers 
be hand-poUinated? 

Note. — The means by which crosB-pollination 
b insured are absorbing subjects of study. It is 
easy to give eo much time and emphasis to the 
subject, however, that an inexperienoed observer 
comes to feel that perfect mechanical adaptation 
^'Somi^SdX^wf * °^ means to end is universal in plants, whereas 
it is not. One is likely to lose or to overlook the 
sense of proportions and to form wrong judgments. 

In studying cross-pollination, one is likely to look first for devices 
that prohibit the stigma from receiving pollen from its own flower, but 
the better endeavor is to determine whether ^ere is any means to insure 
the application of foreign poUen; for the stigma may receive both but 
utilise only the foreign pollen. Bear in mind that insular and odd 
forms in flowers, strong perfume, bright colors, nectar, suggest insect 
vimtors; that inconspicuous flowers with large, protmdii^ stomas 
and much dry powdery poUen suggest wind-transfer; that regular and 
simple flowers depend lately on dichogamy, whether wind- or insect- 
poUinated. Most flowera are diohogamous. 



CHAPTER XXII 
PARTICULAR FORUS OF FLOWERS 

289. General Forms. — Flowers vary wonderfully in 
size, form, colori and in shapes of the different parts. These 
variations are characteristic of the species or kind of plant. 
The most variable part is the corolla. In many cases, the 
disguises of the parts are so great as to puzzle botanists. 
Some of the special forms, notably in the orchids, seem 
to have arisen as a means of adaptii^ 

the Sower to pollination by particular 
kinds of insects. A few well-marked 
forms are discussed below in order to 
illustrate how they may differ among 
themselves. 

290, When in doubt as to the parts 
of any flower, look first for the pistils 
and stamens. Hstils may be distin- 
guished by the ovary or young seed- 
case. Stamens may be distinguished 240. Funnel tom Aowbt of 
by the pollen. If there is but one mormng-Kiory. 
series in the floral envelope, the flower is assumed to lack the 

, corolla: it is apetaiotia (273). The calyx, however, 
in such cases, may look like a corolla, e.g., buck- 
wheat, elm, sassafras, smartweed, knotweed. 
(Fig. 210.) 

291. The parts of a flower usually have a 
numerical relation to each other, — they are 
oftenest in 3's or 5's or in multiples of these 
numbers. The pistil is often an exception to thie 
order, however, although its compartments or 
(143) 



144 PABTICnLAR FOSUS OF FLOWERS 

nay follow the rule. Flowers on 
of 5 are said to be peniamerous; 
I the plan of 3 are trimerous 
is from Greek, Bignifying "mem- 
ber"). In descriptive botanies 
these words are often written 
5-merou8 and 3-merous. 

292, The corolla often as- 
sumes very definite or distinct , 
forms when gamopetalous. It 
may have a long tube with a 
wide-flaring limb, when it is 

242, RoUU flowets of poUifi. ■ j j. l j- it 

said to be funnelform, as m 
moming-^ory (Fig. 240) and pumpkin. If the tube is 
very narrow and the limb stands at right angles to it, the 
corolla is saha^orm, as in phlox. (Fig. 241.) If the tube is 
very short and the limb wide-spreading and 
nearly circular in outline, the corolla is rotate 
or wheel-shaped, as In potato, (Fig. 242.) 

293. A gamopetalous corolla or gamo- 
sepalous calyx is often cleft in such way as to 
make two prominent parte. Such parts are 
said to be lipped or labiate. Each of the lips 
or lobes may be notched or toothed. In 5- 
merous flowers, the lower Up is usually 3-Iobed 
and the upper one 2-lobed. Labiate flowers 
are characteristic of the mint family (Fig, 
213), and the family therefore is called the 
Labiate, (Properly, labiate means merely 
lipped, without specifying the number of lips 
or lobes; but it is commonly used to designate 
2-lipped flowers,) Strongly 2-parted poly- 
petalous flowers may be said to be labiate; 
but the term is oftenest used for eamopeta- „ ^*^„ 

" * ferBonmw uowetB 

lOUS corollas. : ol wspdnaon. 
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294. Labiate gamopetalous 
flowers which are closed in 
the throat (of entrance to the 
tube) are said to be grinning 
or peraonate (personate means 
masked, or person-like). Snap- 
dragon is a typical example 
(Fig. 243); also toad-flas or 
butter sad eggs (Fig. 227), and 
many related plants. Personate 
flowers usually have definite 

»., ™ , _,.„ relations to insect pollination. 

344. Flower ol tiJUium. _, , , *^. 

Observe how a bee forces his 
bead into the closed throat of the toad-flax. 

296. Lily Flowers.— In 
plants of the lily family (Lili- 
aceie) the flowers are typically 
3-merous, having three sepals, 
three petals, six stamens and 
a 3-carpelled pistil. The 
parts in the different series 
are distinct from each other 
(excepting the carpels), and 
mostly free from other series. 
The sepals and petals are so 
much alike that they are dis- 
tinguished chiefly by position, 
and for this reason the words 
calyx and corolla are not 
used, but the floral envelope is 
called the perianth and the 
parts are segments. Flowers of 
hhes and trilliums (Fig. 244) 

answer these details. Not all ^^ p.™ii„„.™„. a™™, 
flowers in the lily family Sweet p«. 
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answer in all ways to this description. The term perianth 
is used in other plants than the Liliacese. 

296. Papilionaceous Flowers. — In the pea and bean 

tribes the flower has a special form 
(Figa. 245, 246). The calyx is a shal- 
low 5-toothed tube. The corolla is 
composed of four pieces, — ^the large 
expanded part at the back, 
C)jf?^ known as the standard or 
'^Sg*' banner; the two hooded side 
£^^\ pieces, known as the win^s; 
2*7 *^^ single boatr-shaped part 

cwrfs Bower, beneath the wings, known as 
separata the keel. The keel is sup- 
'™' """^ posed to represent two united 

petals, since the calyx and stamens are in 5's or multiples 

of 5; moreover, it is of two distinct parts in cassia (Fig. 

247) and some other plants of the pea family. Flowers of 

the pea shape are papilionaceous 

(Latin papilio, a butterfly). 

297. Flowers of the pea and ita 
kind have a peculiar arrangement 
of stamens. The stamens are 10, 
of which 9 are united into a tube 
which incloses the pistil. The tenth 
stamen lies on the upper edge of the 
pistil. The remains of these sta- 
mens are seen in Fig. 206. The sta- , 
mens are said to be diadelphous ("in ' 
two brotherhoods") when united into 
two groups as in this case. Stamens 

in one group would be called twotm- _ 

delpkoua, and this arrangement ^** Conun™ naOow, a truiinc 

'^ ; ^^' plant to whieh the oirole of 

occurs m some members of the fnilU. a, gives Ibe Dames 

"cheeeea" and "ihirt button 



Leguminosffi or pea family. 
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298. Mallow Flowers. — The 
flowers of the mallow family are 
well represeated in single holly- 
hocks (Figs. 222, 223) and in the 
little plant (Fig. 248) known as 
"cheeses." A peculiar structure 
is the part formed by the united 
filaments, the inclosed styles and 
the ring of ovaries at the bottom 
of the style-tube. The flower is 
5-merous. Count the ovaries. 
They sit on the torus, but are 
united in the ceater by the baae 
of the style-tube, which forms a 



from the torus when the 1 
ripe. Do all of the ovar 
velop, or are some crowd 
in the struggle for exis- 
tence? 

299. The calyx in 
such flowers is often 
reinforced by bracts, 
which look like an &ctra 
calyx. These bracts form 
an irwolucre. An mvo- 
lucre is a circle or whorl 
of bracts standing just 
below a flower or a 
flower-duster. The umbel 
of wild carrot (Fig. 194) 
has an involucre below 
it. A large family of 
plants known as the 
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Malvacete, or Mallow family, has flowers similar to those of 
the hollyhock. To this family belong marsh mallow, althea, 
okra, cotton {Pig. 249). Observe that even though the 
hollyhock is a great tail-grow^ — 
showy plant and the "cheeses" is 
weak trailing inconspicuous pla 
they belong to the same family, 
shown by the structure of the flowt 



251. Juk4n-ths-pulpit. 2S2. Wild uti 
"Jack" is tiw apadii; six heada, ei 
the "pulpit" ii the tainina ii 



300. Orchid Flowers. — The flowers of orchids vary 
wonderfully in shape, size and color. Most of them are 
specially adapted to insect pollination. The distinguish- 
ing feature of the orchid flower, however, is the union of 
stamens and pistil in one body, known as the column. In 
Fig. 250 the stemlees lady's-slipper is shown. The flower 
is 3-merouB. One of the petals is developed into a great 
sac or "slipper," known as the Up. Over the opening of 
this sac the column hangs. The column is shown in detail: 
a is the stigma; d is an anther, and there is another similar 
one on the opposite side, but not shown in the picture; b 
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is a petal-like stamen, which doee not produce pollen. In 
most other orchids there is one good anther. 

301. In orchids the pollen is usually borne in adherent 
masses, one or two masses occupying each sporangium of 
the anther, whereas, in most plants the pollen is in separate 
grains. These pollen-masses are known technically as poUinia. 
Orchids from the tropics are much grown in choice green- 
houses. Several species are comm 
in woods and swamps in the norths 
states and Canada. . 



266. CoTnaowei or bacbdor'a bulton, 
3Bi. Loncitudillml >ao 266. Floret of in which the outer floret* an larce 

tiOD ot ttuMIe h«d. thistle. sad showy. 

302. Spathe Flowers. — In many plants, very simple 
(often naked) flowers are borne in dense, more or less fleshy 
. spikes, and the spike is inclosed in or attended by a leaf, 
sometimes corolla-like, known as a spathe. The spike of 
flowers is technically known as a spadix. This type of flower 
is characteristic of the great Arum family, which is chiefly 
tropical. The commonest wild representatives in the North 
are Jack-in-the-pulpit or Indian turnip (Fig, 251) and skunk 
cabbage. In the former the flowers are all diclinous and 
naked. The pistillate flowers (comprising only a 1-loeuled 
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ovary) are borne at the base of the spadix, and the staminate 
flowers (each of a few anthers) are above them. The ovaries 
ripen into red berries. In the skunk cabbt^ all the flowers 
are perfect and have four sepals. The common calla of 
greenhouses is a good example of this type of inflorescence. 
303. Compositous Flowers. — The head (anthodium) or 
so-called, "flower" of sunflower and whiteweed and daisy 
(Figs. 188, 189, 200), thisUe, aster (Fig. 252), dandelion, 
daisy, chrysanthemum, goldenrod, is composed of several 
or many little flowers, or fiorets. These florets are inclosed 
in a more or less dense and usually 
green involucre. In the thistle (Fig. 
253) this involucre is prickly. A longi- 
tudinal section (Fig. 254) discloses the 
florets, all attached at 
bottom to a common ' 
torus, and densely 
packed in the involucre. 
The pink tips of these 
florets constitute the 
showy part of the head, 

hBYB developed fiat rays. In tin 'oOnei, thn 304. Each florct O f 

floret. «ppe« a, tallied tub«. j^e thistle (Fig. 255) is a 

complete flower. At a is the ovary. At 6 is a much-divided 
plumy calyx, known as the pappus. The corolla is long- 
tubed, rising above the pappus, and is enlarged and 
6-lobed at the top, c. The style projects at e. The five 
anthers are united about the style in a ring at d. Such* 
anthers are atdd to be ayngenesioua. 

305. These are the various parts of the florets of the Com- 
positffi, sometimes known as the Sunflower family. In some 
cases the pappus is in the form of barbs, bristles or scales, 
and sometimes it is wanting. The pappus, as we shall see 
later, assists in distributing the seed. Often the florets are 
not all alike. The corolla of those in the outer circles may be 
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developed into a long, strap-like K 

or tubular part and the corolla of Jfi 

those at the center may be but a v 

short tube. The head th^i has 

the appearance of being one flower ^ 

with a border of petals. Of such ' 

is the sunflower (Fig. 188), aster 

(Fig. 252), bachelor's button or 

cornflower (Fig. 256). These long 

corolla-limbs are called rays. la 

some cultivated composites, all 

the florets may develop rays, as in 

the dahlia (Figs. 257, 258) and 

chrysanthemum. In some species, 

as dandelion, all the florets natu- 
rally have rays, Syngenesious 

arrangement- of anthers is the 

most characteristic single feature 
of the composites. 

306. Grass Flow- 
ers. — The flowers 
of grasses are too 
difficult for the be- 
ginner, but if the 
pupil wishes to un- 
derstand them he "• s"™" 'on .ti" flow«riii« 
nwy begin with 

wheat or rye or barley, which are members 
of the Grass family. The "head" or spike of 
wheat is made up of flowers and bracts. The 
flowers are in little clusters or spikelets (often 
called "breasts" by farmers). One of the 

!»o. noww^w' spikelets is shown at b, in Fig. 259. Each 
nuncns: e. iaiet\ ^Ikelct contuus from 1 to 4 flowers or florets. 
The structure of the flower is similar to that 



2SB. Spike* uid Oawen 
whcAt; b. Bfnlcelet in 
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of rye (Fig. 260) and other grasses. The pistii 
has 2 feathery protruded stigmas (wind-polli- 
nated) shown at a, Fig. 260, There are 3 sta- 
mens, b, b, b. There are minute scales in the 
base of the flower (not shown in the cut) that 
probably represent true floral envelopes. These 
are hdicules. The larger parts, c, d, are bracts. 
The larger one, d, is the fioweriiig glume, and 
the smaller, c, is a paid. The entire spikelet is 
also subtended by two bracts or 
glumes; these are the two lower- 
most parts in b, Fig. 259. The 
glumes of the spikelet, and flower- 
ing glumes and palets of the flow- 
ers, constitute the chaff when wheat 
is threshed. Comymre barley, Fig. 
261. There are many grass plants Buiey Bower. 
with large florets that are adap- ^'°^'^- 
table to elementary class work, as millet (Fig. 
262), soi^hums (Figs. 232 to 234), rice, oats 
I (Fig. 191), and a number of big lawn grasses. 
Maize is one of the Grass family. 

307. Attachment of the Flower Parts.— The 
parts of the flower may all be borne directly 
on the torus, or one part may be borne on 
another. With reference to the pistil or ovary, 
the stamens and envelopes may be attached in 
three ways: kypogyrums, all free and attached 
under the ovary, when it is said to be superior, 
as in Fig, 202; perigynous, or attached to a 
more or less evident cup surrounding the ovary, 
as in Fig. 209; epigyrums, some or all of them 
apparently borne on the ovary, when it is said 
to be inferior, as in Fig. 205, 
miiiBt. 308, Double Flowers. — Under the stimulus 
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of cultivation and increased food-supply, flowera tend to 
become double. True doubling arises in two ways, morpho- 
logically: (1) Petals 
may appear in place 
of stamens and pis- 
tils; (2) adventitious 
or accessory petals 
may arise in the 
circle of petals. Both 
of these categories 
may be present in 
the same Sower, as 
in Fig. 263. In the 
full-double hoUy- 

263. Petals uisiiK from the ataminal ooluran of holly- hock, the petals de- 
hook; and MoesuTy petals in the oarolla-wliarL • J F ..1 J. 

nved from the stam- 
inal column are shorter and make a rosette in the center 
of the flower. 

309. Other modifications of flowers are sometimes known 
as doubling. For example, double dahlias (Fig. 257), chry- 
santhemums and sunflowers are forms in which the disk 
flowers have developed rays. The snowball is another case. 
In the wild plant 
(Fig. 264) the ex- 
ternal flowers of 
the cluster are large 
and sterile. In the 
cultivated plant 
(Fig. 265) aU the 
flowers have be- 
come large and 
sterile. Hydrangea 
is asimilar example. 
Double flowers are 

,.,,,, ... 204. The irild or original form o( tba aoowball. — 

likeEy to be Stenle. Outer Sonen laroei. 
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RsvDsw. — How do flowers vaiy in form? How are the various 
parts determined in disguised flowers? What are 5-merouB and 3-merouB 
flowers? What are some of the'common forms of gamopetalouB corollBS? 
Describe a labiate flower. Personate. Lily flower. Papilionaceous 
flower. What are monadelphous and diadelphous stamena? Describe 
a mallow flower. Orchid flower. Spathaceous flower. Compoeitous 
flower. If grass flowers are studied in class, describe one of them. 
What do you understand by the terms hypogynous, perigynous, epi- 
gynous? How do flowers become double? What is meant by doubling 
in compositous flowers? In snowball and hydrangea? 



265. Cultivated snowball, 
flowets in the cluat 
large and abowy. 
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FRurrs 

310. The ripened ovary, with its attachments, is known 
as the fruit It contains the seeds. If the pistil is simple, 
or of one carpel, the fruit also will have one compartment. 
If the pistil is compound, or of more than one carpel, the 
fruit usually has an equal number of compartments, although 
one or more of the compartments may be suppressed as the 
parts* grow. The compartments in pistil and fruit are known 
as locales (from Latin locus, meaning "a place'')? or cells. 

311. The simplest kind of 
fruit is a ripened 1-loculed 
ovary. The first stage in com- 
plexity is a ripened 2- or many- 
loculed ovary. Very complex 
forms may arise by the attach- 
ment of other parts to the 
ovary. Sometimes the style 
persists and becomes a beak 
(mustard pods, dentaria. Fig. 
266), or a tail as in clematis; 
or the calyx may be attached 
to the ovary; or the ovary 
may be imbedded in the re- 
ceptacle, and ovary and recep- 
tacle together constitute the 
fruit; or an involucre may be- 
come a part of the fruit, as 
possibly in the walnut and hickory, and cup of the acorn. 
The chestnut (Fig. 267) and the beech bear a prickly invo- 
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266. Dentaria, or toothwort, in fruit. 
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lucre, but the nuts, or true fruits, are not grown fasi) to it, 
and the involucre can scarcely be called a part of the fruit. 
A ripened ovary iB a pericarp. A pericarp to which other 
*— parts adhere has 

been called an ac- 
cessory or reinforced 

^W ^St 3 3J2. Some fruits 

are dehiscent, or 
split open at ma^ 
turity (279) and 
liberate the seeds; 
others are indehis- 
cent, or do not-open. 
A dehiscent peri- 
carp is called a pod. 
M^'Jt^ The parts into 
which such a pod 
breaks or spHts are known as valves. In indehiscent fruits 
the seed is liberated by the decay of the envelope, or by 
the rupturing of the envelope by the germinating seed. 
Indehiscent winged pericarps are known as samaras or key- 
fruits (consult Chapter XXIV). Maple, elm (Fig. 97), and 
ash (Fig. 141) are examples. 

313. Pericarps. — The simplest pericarp is a dry, one- 
eeeded, indehiscent body. It is known as an 

ackene. A head of achenes is shown 
in Fig. 268, and the structure is 
explained in Fig. 207. 
Achenes may be seen 
in buttercup, hepatica, 
anemone, smartweed, 
buckwheat. 

314. A 1-loculed 26& 
pericarp that dehisces 
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along the front edge (that is, the inner 
edge, next the center of the flower) is a 
follicle. The fruit of the larkspur (Fig, 
269) is a follicle. There are usually five 
of these fruits (sometimes three or four) 
in each larkspur 
flower, each pistil 
ripening into a fol- 
licle. (Fig. 270.) If 
these pistils were 
united, a single com- 
pound pistil would 
be formed. Ck)lum- 
bine, peony, nine- 
bark and milkweed 
(Fig. 271) also have 

272. Lepimes of perenaiaL follicleS. 

ore^rlastingpea. gjg ^ l-Ioculcd 

pericarp that dehisces on both ecfees is a Ugume. Peas and beans 
are typical examples (Figs. 
272, 273, 274) : in fact, this 
character gives name to the 
pea-family, — Leguminosie. 
Often the valves of the legume 
twist forcibly and expel the 
seeds, throwing them some 
distance. Sometimes (as in 
peanut) the legume does not 
dehisce of itself, even though 
it has all the essential struc- 
ture of a true pod. The word 
pod is sometimes restricted 
to legumes, but it is better to 
use it generically (as in 312) 
for all dehiscent pericarps. , 



r. Three-CBrpelled fr 
of the ovules. 
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8«ptiddal and ImuUoidal, e»pTOlo. 



37B. Caimilia of 

■vsDlnc prim- 2TS. 270. 

rme. Looulio- St. Johii'fr.wort. LocuJicidftl pod 

idol. BeptioidoL of dsy-Illy. 
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283. 
Basal dehiflcenoe of 
campanula capsule. 



316. A compound pod — dehiscing pericarp of two or 

more carpels — ^is a capsule. (Figs. 275, 276.) There are 

some capsules of one locule, but they may have been com- 
pound when young (in the ovary stage) 
and the partitions may have vanished. 
Sometimes one or more of the carpels are 
uniformly crowded out by the exclusive 
growth of other carpels. (Fig. 277.) The 
seeds or parts that are crowded out are said 
to be aborted. 

317. There are several ways in which 
capsules dehisce or open. When they break 
along the partitions (or 

septa), the mode is known as septiddal 

dehiscence; Fig. 278 shows it. In septi- 

cidal dehiscence, the fruit sepa- 
rates into parts representing the 

original carpels. These carpels 

may still be entire, and they then 

dehisce individually, usually 

along the inner edge as if they 

were follicles. When the com- 
partments split in the middle, 

between the partitions, the mode is Zo- 

ddicidal dehiscence. (Fig. 279.) In some 

cases the dehiscence is at the top, when 

it is said to be apical (although several 

modes of dehiscence are here included). 

When the whole top comes off, as in 

purslane and garden portulaca (Fig. 280), 

the pod is known as a pyods. In some 

cases apical dehiscence is by means of 

a hole or clefts. (Fig. 281.) In pinks and 

their allies the dehiscence does not 

extend much below the apex. (Fig. 282.) * of wtaipa. 
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Dehiscence may be basal. (Fig. 283.) Two-loculed capsules 
that resemble legumes in external appearance are those of 
catalpa and trumpet-creeper. (Figs. 284, 285.J 

318, The peculiar capsule of the mustard I 
family, or Ouciferae, is known as a silique when 
it is distinctly longer than broad (Fig. 266), and I 
a silicle when its breadth nearly equals or exceeds J 
its length. (Fig. 286.) A cruciferous cap- 
sule is 2-carpelled, usually with a thin 
partition, each locule containing seeds in . 
one or two rows. The two valves detach " 
from below upwards. Cabbage, mustard, 
cress, shepherd's purse, sweet alyssum, 
wallflower, honesty, are examples. 

319. The pericarp may be fleshy and 
indehiscent. A pulpy 
pericarp with several or 

, many seeds is a berry. 
(Fig. 287.) To the hor- 
ticulturist a berry is a = 
small, soft, edible fruit, 
without particular reference to its struc- 
ture. The botanical and horticultural conceptions of a 
berry are, therefore, 
unlike. In the botan- 
ical sense, gooseber- 
ries, currants, grapes, 
tomatoes, potato- 
balls and even egg- 
plant fruits (Fig. 288) 
are berries; strawber- 
ries, raspberries, 
blackberries are not. 
320. A fleshy peri- 

287. Berries ol the snowbeiry. Carp COntMUing One 




286. Shepherd's pune. 
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relatively large seed or stone is a drupe. Examples are plum 

(Fig. 289), peach, cherry, apricot, olive. The walls of the 

pit in the plum, peach and 

cherry are formed from the inner 

coats of the ovary, and the flesh 

from the outer coats. Drupes are 

also known as stone-fruits. 

321. Fruits that are formed by 
the subsequent union of separate 
pistils are aggregate fruits. The 

carpels in a^regate fruits are 288. Eggpiut fmita. Eiampin of 
usually more or less fleshy. In Urgebames. 

the raspberry and blackberry flower, the pistils are essenti- 
ally distinct, but as the pistils ripen they cohere and form 
one body. {Fig. 290.) Each of the 
CArpels or pistils in the raspberry and 
blackberry is a little drupe, or drupelet. 
In the raspberry the entire fruit sep- 
arates from the torus, leaving the torus 
on the plant. In the blackberry and 
* dewijerry the fruit adheres to the torus, 
289. Plum. EiampiB o( s and the two are removed together 
drape. when the fruit is picked. 

322. Accessory Fruits.— When the pericarp and some 
other part grow together, the fruit is said to be accessory or 
reinforced (311). An example is 

the strawberry. (Fig. 291.) The 
edible part is a greatly enlai^ed 
torus, and the pericarps are "^ 
achenes imbedded in it. These 
achenes are commonly called 



323. Various kinds of reinforced fruits have recdved 
special names. One of these is the hip, characteristic of roses. 
(Fig. 292.) In this case, the torus is deep and hollow, like an 



urn, and the separate achenes are borne inside it. The mouth 
of the receptacle may close, and the walls sometimes become 
fieshy : the fruit may then be mistaken for a berry. 

324. The reinforced 

fruit of the pear, apple, 

and quince is known as a 

pome. In this case the 

five united carpels are 

completely buried in the 

hollow torus, and the torua 

makes most of the edible 

part of the ripe fruit, while 

the pistils are represented 

by the core. (Fig. 293.) 

Fig. 294 shows the apple in bloom; Fig. 295 shows young 

fruits, only one having formed in each cluster. In the lower 

left-hand flower of Fig. 294, note that the sepals do not fall. 

Observe the sepals on the top of the torus (apex of the 

fruit) in Fig. 295. In the plum flower (Fig. 209), note that 

the pistil site free in the hollow torus: imagine the pistil 

and torus grown together, and something like a pome 

might result. 

325, The reinforced fruit of pumpkin, squash 
(Fig, 296), melon and cucumber is a pepo. The 
outer wall is torus, but the sepals do not persist, 
and the fruit is normally 3-loculed (although the 
partitions may disappear as the 
fruit ripens). The maypop, one of 
the passion flowers growing wild in 
the southern states, has a similar 
structure. 

326. Gynmospermous Fruits. — aw. nip o( r 
In pines, spruces and their kin, there is no fruit in the 
sense in which the word is used in the preceding pages, 
because there is no ovary. The ovules are naked or uncov- 




29B. YouDi apple Iruitt. 
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ered, in the axils of the scales of the young cone, and they 

have neither style nor stigma. The pollen falls directly on 
the mouth of the ovule. The ovule 
ripens into a seed (Fig. 297) which is 
usually winged. Because the 
ovule is not borne in a sac 
or ovary, these plants are 
called gymrioBperms (Greek for 
"naked seeds"). All the true 
cone-bearing plants are of this wiucU 
class; also certain other JJ^,^ 
epomw plants as red cedar, juniper, "i"""- 

yew. The plants are moncecious or sometimes diacious. 

The staminate flowers are mere naked stamens borne 

beneath scales, in small yellow catkins which 

soon fall. The pistillate flowers are naked iW {^1 

ovules beneath scales on cones which persist. 

(Figs. 298, 299.) z' 

Review. — What ia a fruit, as understood by the 
botanist? What ia a locule? What are simple, c 
pound and accessory or reinforced fruits? Define i 
pericarp. Pod. What are dehiscent and indehiaeent 
fruits? What is a samara or key-fruit? ' 
Define achene. Follicle. Legume. Cap- | 
sule. Explain aepticidal and loculicidal 
dehiscence. Apical dehiscenc. Basal 
dehiscence. What ia a pyxia? Silique? 
Silicle? Berry? Drupe? Drupelet? M8. Pikiiii 
Explmn axi ajKregate fruit. Explain Thu''w^roM'of 
the fruit of strawberry, rose, apple, the commoneM of 
squaah. What ia the fruit of pines plan ted over, 
and Bprucea? «fBonB. 

Note. — Fully mature fruits are beat for study, 

particularly if ii; ia desired to see dehiacence. For 

comparison, piatila and partially grown fruits should 

'^ rf"^t^ b« iiad at the same time. If the fruits are not ripe 

pjos. enough to dehisce, they may be placed in the sun to dry. 
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In the school it is well to have a collection of fruits for study. The 
specimens may be kept in glass j&rs. 

The following diagram will aid the pupil to remember some of the 
fruits to which particular names have been given. He must be warned, 
however, that the diagram does not express the order of evolution of 
the various kinds. He should also remember that there are many 
common fruits that answer to no definition, and these should be studied 
and compared with the forms that have received definite names: 



Pericarps , 



( Tachene (indehiscent). 

Simple ^follicle (dehiscent). 

[legume (dehiscent). 
Dry pericarps . . { 

septicidal dehiscence, 
loculicidal dehiscence, 
apical dehiscence. 

([Pyxis. 
berry, 
drupe, 
drupelet. • 
\. AggregaU pericarps 



Compound 
(capsule) 



Accessory FRurrs 



Gtmnospermous or Cone FRurra. 



(strawberry, 
hip. 
pome, 
pepo. 




CHAPTER XXIV 

DISPERSAL OF SEEDS 

327. It is to the advantage of the plant to have its seeds 

distrihuted as widely as possible. It has a better chance of 

surviving in the struggle for existence. 

It gets away from competition. Many 

seeds and finite are of such 

character as to increase 

their chances of wide di»- 

persal. The commonest 

means of dissemination may 

be classed under four heads: 

explosive fruits ; transporta- 
900. Explosive tndis of , . , ■ j i_ _i. 

awUB. An eipioding tion by Wind; transporta- 

d^u^^'ltwl M ^^^ ^ birds; transportation 

b. ThastruoiurBottho as hurs. 

pod 1, ««n at o. g2g_ Explosive Fruits.— 

Some pods open vntk explosive force and scaUer 

the seeds. Even beans and everlasting peas >* 

{Fig. 272) do this. More /^ 

marked examples are the 

locust, witch hazel, gai^ 

den balsam, wild jewel- , 

weed or impatiens Wma^^tof 

(known also as "touch- "'•'i* 

' me-not"), violet, and the oxalis. (Fig. 

300.) The oxalis is common in several 

species in the wild and in cultivation. 

One of them is known as wood sorrel. 

Fig. 300 shows the common yellow 
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303. The Qxpandiuc biiltooas of the millcnreed. 

oxalis. The pod opens loculicidally. The elastic tissue sud- 
denly contracts when dehiscence takes place, and the seeds 
are thrown violently. The fruit of the squirting cucumber 
discharges the seeds with great force, throwing them many 
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feet. This plant is easily growa in a gar- 
den {procure seeds of seedsmen). 

329. Wind -travelers.— Wind -trans- 
ported seeds are of two general kinds — 
those that are provided with wings, as the 
Sat seeds of catalpa (Fig. 301) and cone- 
bearing trees (Fig. 297) and the samaras 
of ash, elm, tulip-tree, ailanthus and 
maple; those that have feathery buoys or 
parachutes to enable them to float in the 
air. Of the latter kind are the fruits of 
many composites, in which the pappus is 
copious and soft. Dandelion (Fig. 302) 
and thistle (Fig. 256) are examples. The ■ 
silk of the 
milkweed (Fig. """^ "^^ 
303) has a ^milar office, and also 
the wool of the cat-tail. (Fig. 
304.) Recall the cottony seeds 
of the willow and poplar. 

330. Dispersal by Birds.— 
Seeds of berries and of other 
smaU fleshy fruits are' cartied far 
and wide by birds. The pulp is 
digested, but the seeds are not 
injured. Note how the cherries, 
raspberries, blackberries and 
Juneberries spring up in the 
fence-rows, where the birds rest. 
Some berries and drupes persist 
far into winter, when they supply 
food to cedar-birds, robins and 
the winter birds. (Fig. 305.) 
„ „ , , , , Red cedar is distributed by birds. 

806. Drupm of the blaek haw, loved , , , , - . 

oi robioB in •riuMr. Many of the pulpy fruits are 
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agreeable as human food, and some of them have been greatly 
enlarged or "improved" by the arts of the cultivator. 

331. Burs. — Many seeds and fruits bear spines, hooks, 
and hairs that adhere to the coats of 
animals (Fig. 306) and to clothing. 
The burdock has an involucre with 
hooked scales, containing the fruite 
inside. The clotbur is also an in- 
volucre. Both are compositous plants, 
allied to thistles, but the whole head, 
rather than the separate fruits, is 
transported. In some compositous 
fruits the pappus takes the form of 
hooks and spines, as in the "Spanish 
bayonet?" and "pitchforks." Fruits 
of various kinds are known as "stick- soe. Ths <»w << etnyiat ' 
tights," as of the £«rimony and burd«ki. 

hound's tongue. Those who walk in the woods in late 
summer and fall are aware that plants have means of 
disseminating themselves. (Fig. 307.) If it is impossible 
to identify the burs which one finds on clothing, the seed 
may be planted and specimens of the plant may then be 



IT. — What advantage ia it to the plant to 
«da widely dispersed? What are the leadii^ 
bich fruits and seeds are dispersed? Name 
osive fruits. Describe wind-travelera. What 
carried by birds? Describe any bur with 

Note, — This lesson will suggest other 

vays in which seeds are tran^MDrted. Nuts 

ire buried by squirrels for food, but if they 

307. Si«liDs ■ lidfl. are not eaten they may grow. The seeds of 

many plants are blown on the snow. The old stalks of weeds, standing 

through the winter, may serve to disseminate the plant. Seeds are 

earned by water down the streams and along shores. About woollen 
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mills strange plants often spring up from seeds brought in the fleeces. 
Sometimes the entire plant is rolled for miles before the winds. Such 
plants are "timible-weeds." Examples are Russian thistle (Fig. 113), 
hair-grass or tumblegrass (Panicum capillare), cyclone plant (Cyclo- 
loma platyphyllum), and white amaranth. About seaports strange 
plants are often found, having been introduced with the earth that 
is used in ships for ballast. These plants are usually known as bal- 
last plants." Most of them do not persist long. 

In some way, the seeds of every plant are dispersed, some far 
and some mear: discover these ways for any plant that you know. 




o 



CHAPTER XXV 

GERMINATION 

332. The Seed.— We have found (276) that as a result 
of fertilization a seed is formed. The seed contains a minia- 
ture plant or embryo. The embryo usually has three parts 
that have received names: the little stemlet or cauUcle; 
the seed-leaf or cotyledon (usually 1 or 2) ; the bud or plumvle 
lying between or above the cotyledons. These parts are well 
seen in the common bean (Fig. 308), particularly when the 
seed has been soaked for a few hours. 
One of the large cotyledons— comprising half 
of the bean — ^is shown at r. The cauUcle is 
at c. The plumule is at a. The cotyledons are gQg p^^ of *^the 
attached to the caulicle at /: this point is the bean, r, cotyie- 
first node, and the plumule is at the second .a, plumule; /! 
node. ^^^^ 

333. Every seed is provided with food, to support the 
germinating plant. Commonly this food is starch. The 
food may be stored in the cotyledons, as in bean, pea, squash; 
or outside the cotyledons, as in castor bean, pine, Indian 
corn. When the food is around the embryo, it is usually 
called endosperm. 

334. The embryo and endosperm are inclosed within a 
covering made of two or more layers and known as the seed- 
coats. Over the point of the caulicle is a minute hole or a 
thin place in the coats known as the micropyle. This is 
the point at which the pollen-tube entered the forming 
ovule and through which the cauhcle breaks in germination. 
The micropyle is shown at m in Fig. 309. The scar where 
the seed broke from its funiculus or stalk is the hilum. It 

(171) 
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occupies a third of the length of the bean in Fig. 309. The 
hilum and micropyle are always present in seeds, but they 
are not always close together. In many cases it is difficult 
to identify the micropyle in the dormant seed, but its location 

is at once shown by the protruding caulicle 
as germination begins. Opposite the micropyle 
in the bean (at the other end of the hilum) is 
External parts of »» elevatiou kuowu as the raphe. This is 
^*°* formed by a imion of the funiculus or seed- 

stalk with the seed-coats, and through it food was transferred 
for the development of the seed, but it is now functionless. 

335. Seeds differ wonderfully in size, shape, color and 
other characteristics. They also vary in longevity. These 
characteristics are peculiar to the species or kind. Some 
seeds maintain life only a few weeks or even days, whereas 
others will "keep" for ten or twenty years. In special cases, 
seeds have retained vitality longer than this limit, but the 
stories that living seeds, several thousand years old, have 
been taken from mmnmies are unfounded. Oats do not 
retain theii: vitality for more than a year or two. Seed of 
alfalfa may retain its vitaUty for eight years or more. The 
condition of storage of the seed is an important factor in 
the retention of seed vitality. Moisture is especially dele- 
terious; a dry atmosphere of the storage room is necessary 
for maintaining the vigor of the seed. 

336. Germination, — ^The embryo is not dead; it is only 
dormant. When supplied with moisture, warmth, and oxy- 
gen (air), it awakes and grows: this growth is germination. 
The embryo lives for a time on the stored food, but grad- 
ually the plantlet secures a foothold in the soil. The roots 
absorb and the leaves elaborate food and the seedling is inde- 
pendent with respect to its food supply. When the plantlet 
is finally able to shift for itself, germination is complete. 

337. The germinating seed first absorbs water, and 
swells. The starch and other stored foods are transformed 
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into soluble products. They are digested, so to speak, and 
made available for aaadmilation by the protoplasm. Germi- 
nate barley. Note how sweet 
it is to the taste. Compare it 
with the ungenninated barley. 
Do likewise with com and 
wheat. What is the source of 
the sugar? The seed-coats are 
ruptured, the eauhcle and 
plumule emerge. In this pro- 
cess, the seed respires freely, 
giving off carbon dloxid (COj). 
Fill a tin box or large-necked 
bottle with dry beans or peas, then add water; note how 
much they swell. Secure two fruit-jars. Fill one of them 
a third full of beans and keep them 
moist. Allow the other to remain empty. 
Sw In a day or two insert a lighted splinter 
811. Cotyledons of (ermi- or taper into each. In the empty jar 

"^w'^^id^Sm^ the taper bums: it contains oxygen. 

dB tnd plumule. Jq ^hg gged-jar the taper goes out: the 

Mr has been replaced by carbon 
dloxid. Usually there is a percepti- 
ble rise in temperature in a mass 
of germinating seeds. 

338. The caulicle usually elon- 
gates, and from its lower end roots 
are produced. The elongating 
eauhcle is known as the hypocotyl 
("below the cotyledons"). That 
is, the hypocotyl is that part of the 
stem of the plantlet lying between 
the roots and the cotyledon. The ai2- G™a^<i™ -^ b™. 
general direction of the young hypocotyl or emerging 
caulicle is downwards. As soon as roots form, it becomes 
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314. Germination of cas- 
tor bean. Endosperm 
at a. 



j5xed, and its subsequent growth tends to raise the cotyle- 
dons above the ground, as in the bean. 

339. When cotyledons rise into the air, germination is 
said to be epigeal ("above the earth")* Bean 
and pumpkin are examples. When the hypo- 
cotyl does not elongate greatly and the coty- 313. sprouting of 

ledons remain under <»»torb«a^ 
ground, the germination is hypogeal ("be- 
neath the earth"). Pea and scarlet run- 
ner bean are examples. When the ger- 
minating seed lies on a hard surface, as 
on closely compacted soil, the hjrpocotyl 
and rootlets may not be able to secure a 
foothold and they assume grotesque 
forms. (Fig. 310.) Try this with peas 
and beans. 

340. The first inter- 
node above the cotyledons — ^between the 
cotyledons and the plumule — ^is the epi- 
cotyl. It elevates the plumule into the air, 
and the plumule-leaves expand into the 
first true leaves of the plant. These first 
true leaves, however, may be very unlike 

the later leaves. 

341. Germination of Bean.— The 
common bean, as we have seen (Fig. 
308), has cotyledons that occupy all 
the space inside the seed-coats. When 
the hypocotyl or elongating cauhcle 
emerges, the plumule-leaves have begun 
to enlarge and to unfold. (Fig. 311.) The 
hypocotyl elongates rapidly. One end 
of it is held by the roots. The other is 
held by the seed-coats in the soil. It, 

316. Germination complete . , - , -i ,^ r <• i % 

in castor bean. therefore, takcs the form of a loop, and 




315. Castor bean. En- 
dosperm at a, a; oo- 
t^edons at b. 
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its central part "comes up" first, (a, Fig. 312.) Presently 
it draws the cotyledons out of the seed-coats, and then it 
straightens and the cotyledons expand. These coty- 
ledons, or "halves of the bean,'' persist for some 
time. (6, Fig. 312.) They often become green and 

probably perform some function of 
foliage. Because of its large size, Lim^ 
bean shows all these parts well. 

342. Germination of Castor Bean. 
— In the castor bean the hilum and 
micropyle are at the smaller end. (Fig. 
313.) The bean "comes up" with a 





317. Sprout- 
ing Indian 
com. Hi- 
lum at h] 
micropyle 
at d. 



318. Kernel of 
Indian com. 
Cauliole at 
6; cotyledon 

a ; plumule loop, which indicates that the hypocotyl 
p. 




319. Indian com. Cau- 
lide at c; roots emerg- 
ing at in; plumule at p. 



greatly elongates. On exam- 
ining a germinating seed, however, it will be 
found that the cotyledons are contained inside a 
fleshy body or sac. (a. Fig. 314.) This 
sac is the endosperm. To its inner sur- 
face the thin, veiny cotyledons are 
very closely appressed, absorbing its 
eoibstance. (Fig. 315.) The cotyledons 
increase in size as they reach the air (Fig. 316), and become 
functional leaves. 

343. Germination of Indian Com. — Soak kernels of 
com. Note that the micropyle and hilum are at the 

smaller end. (Fig. 317.) Make a longi- 
tudinal section through the narrow 
diameter; Fig. 318 shows it. The 
W single cotyledon is at a, 

the caulicle at 6, the 
plumule at p. The 
cotyledon remains in 
the seed. The food is 
stored both in the cotyledon and as endosperm, chiefly the 
latter. The emerging shoot is the plumule, with a sheathing 




320. Indian com. o, plumule; 
n to p, epiootyl. 
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leaf, (p, Fig. 319.) The root is produced from the tip of the 
caulicle, c. The caulicle is held in a sheath (formed mpstly 
from the seed-coats), and some of the roots escape through 
the upper end of this sheath, (m, Fig. 319.) The epicotyl 

elongates, particularly if the 
seed is planted deep or if it is 
kept for some time confined. 
In Fig. 320 the epicotyl has elon- 
gated from n to p. The true 
plumule-leaf is at o, but other 
leaves grow from its sheath. 
In Fig. 321 the roots are seen 
emerging from the two ends of 
the caulicle-sheath, c, m; the 
epicotyl has grown to p; the 
first plumule-leaf is at o. 




Review. — ^What does a seed con- 
tain? What do you understand by 
the embryo? What are its parts? 
Where is the food in the seed? What 
are the seed-coats? What is the mi- 
cropyle? Hilum? How may the 
position of the micropyle be deter- 
mined? How do seeds differ? With 
what are these differences associated? 
What is germination? Under what 
conditions does a seed germinate? 
What is meant by seed vitality? 
What are the best iconditions for 
storage of seed? When is germination 
complete? What is the first phenom- 
enon of germination? Explain the relation to O and CO2. Define 
hypocotyl. Epicotyl. Hypogeal and epigeal germination. What be- 
comes of the plumule? Explain germination in a seed which you 
have studied. 

Note. — Few subjects connected with the study of plant-life are so 
useful in schoolroom demonstrations as germination. The pupil 
should prepare the soil, plant the seeds, water them and care for the 



321. Germination is complete, p, top 
of epicotyl; o, plumule-leaf; m, 
roots; c, lower roots. 
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plants. Plant in pots or shallow boxes. Cigar-boxes are excellent. 
The depth of planting should be two to three times the diameter of 
the seeds. It is well to begin the planting of seeds at least ten days 
in advance of the lesson, and to make four or five different plantings 

at intervals. A day or two before the study is taken 
up, put seeds to soak in moss or cloth. The pupil 
then has a series from swollen seeds to complete ger- 
mination, and all the steps can be made out. Dry 
seeds should be had for comparison. 

Grood seeds for study are those detailed in the les- 
son, — ^bean, castor bean, com. Pea is a good plant to 
contrast with bean. (Fig. 322.) Make drawings and 
notes of all the events in the germination. Note the 
effects of unusual conditions, as planting too deep and 
too shallow and different sides up. For h3rpogeal ger- 
mination, use the garden pea, scarlet runner or Dutch 
case-knife bean, acorn, horse-chestnut. Squash seeds 
are excellent for germination studies, because the coty- 
ledons become green and leafy and germination is rapid. 
Its germination, as also that of the scarlet runner bean, 
is e:<q)lained in '^Lessons with Plants." Onion is e» 
cellent, except that it germinates too slowly. In order 
to study the root development -of germinating plantlets, it is well 
to provide a deep box with a glass side against which the seeds are 
planted. 

Observe the germination of any seed that is common about the 
premises. Where elms and maples are abundant, the germination of 
their seeds may be studied in lawns and along fences. Figs. 323 to 
330 suggest observations on the Norway maple, which is a common 
ornamental tree. 




CHAPTER XXVI 

PHENOGAMS USD CRYPTOGAMS 

344. The plants thus far studied produce flowers; and 
the flowers produce seeds by means of which the plant ia 
propagated. There are other plants, however, that pro- 
duce no seeds, and these plants are probably more numerous 
than the seed-bearing plants. These plants propagate by 
means of spores, which are generative cells, usually simple, 
containing no embryo. These spores are very small, and 
sometimes are not visible to the naked eye. 

345. Prominent amongst the spore-propagated plants 
are feme. The common Christmas fern (so called because 
it remains green during winter) is shown in Fig. 331. The 
plant has no trunk. The leaves spring directly from the 
underground stem. The leaves of ferns are called fronds. 
They vary in shape, as other leaves 

do. Compare Fig. 139 and the 
pictures in this chapter. Some of 
the fronds are seen to be narrower 
at the top. If these are examined 
more closely (Fig. 332) it will be 
seen that the leaflets are contracted 
and are densely covered beneath 
with brown bodies. These bodies 

,, , . . 3SI. Chrifftnufl fflm. — Dryopteiia 

are collections of sporangia or spore- aaroatiatundea; known also u 

cases (singular, sporangium). Aapidrnm. 

346. The sporangia are collected into little groups, 
known as aori (singular, sorus) or fruit>-dDt«. Each soma is 
covered with a thin scale or shield, known as an indumim. 
This indusium separates from the frond at its edges, and the 

(J79) 
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sporan^a are exposed. Not all ferns have indusia. The 
polypode (Figs. 333, 334) does not: the son are naked. In 
the brake (Fig. 335) and maiden- 
hair (Fig. 336) the edge of the frond 
turns over and forms an indusium. 
In some ferns (Fig. 337) an entire 
frond becomes contracted to cover 
the sporangia. In other cases the 
indusium is a sao-Iike covering, 
which splits. (Hg. 338.) 

347. The sporangium or spore- 
case of a fern is a more or less globu- 
lar hody and usually with a stalk. 
(Fig. 334.) It contains Uie spores. 
When ripe, it bursts and the spores *Sli8'w°"^''at°a.^'^ 
are set free. Lay a mature fruituig •ora^-«ithiumdy^.-^,<^ib. 
frond of any fern on white paper, top side up, and allow it 
to remain in a dry, warm place. The spores will discharge 
on the paper. 

348, In a moist, warm place the spores germinate. They 
produce a small, flat, thin, green, more or less heart-shaped 
membrane. (Fig, 339.) This is the prothaUus. Sometimes 

the prothsllus is an inch or 

more across, but oftener it 

is less than one-fourth this 

Edze. It is com- 

fmonly un- 
known except 
to botanists. 
Prothalli may 
often be found 

333. Common polypods fern.— 334. Bori and sporan- in greCnhoUses 

Pofypodium-mlgatB. gium of polypod*. ^j^g^^ femS are 

grown. Look on the moist stone or brick walls, or on the 
firm soil of undisturbed pots and beds. 



PEOTHALLUS 181 

349. Oq the under side of the prothaJlus two kinds of 
oi^^ans are borne. These are the archegonium and the arUhe- 
ridium. These organs are minute Bpecialized parts of the 
prothaJluB. Their positions on a particular prothallus are 

shown at a and 6 in Fig. 339, but in some 

feraa they are on separate prothaUi (plant 

dicecious). The sperm-cells escape from 

„ _ the antheridium and in the water which 

33S. The bnka (ruiU „ ^ ^, ^, „ . , ^ 

uDdonwaUi tiw levo- coUectfi on the prothallus are earned to 

hiMtdaeaottbeie*!. ^j^^ archegoiiium, where fertilization takes 

place. From a fertilized archegonium a plant grows, and 

this plant becomes the "fern." In most cases the prothallus 

dies soon after the fern plant begins to grow. 

350. The fern plant, arising from the fertilized egg in the 
archegonium, becomes a perennial plant, each year pro- 
ducing spores from its fronds, as we have seen; but these 
spores — which are merely detached special kinds of cells — 
produce the protballic phase of the fern plant, from which 
new individuals arise. A fern is fertilized but once in its 
life-time. The prothallium here is the ganKtophyte; the "fern" 
is the sporophyte (phyton is Greek for "plant"). 

351. This succession 
of generations runs all 
throi^h the vegetable 
kingdom, although there , 
are some groups of plants ^ 
in which it is very ob- 
scure or apparently want- 
ing. It is very marked 
in ferns and mosses. In 

algffi (including the sea- ^- ^^"^ '^'^ °' ' ■"^■^ *«"^ 
weeds) the gametophyte constitutes the "plant," as the non- 
botanist knows it. There is a general tendency, in the evo- 
lution of the v^etable kingdom, for the gametophyte to lose 
its relative importance and for the sporophyte to become 
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larger and more highly developed. In the seed-bearing 
plante the sporophyte generation is the only one seen by the 
non-botaniBt. The gametophyte 
Btage is of short duration and the 
parts are small: it is confined to the 
time of fertilization. 

352, The sporophyte of the seed- 
plants, or the plant, as we know it, 
produces spores which, however, are 
not visible to the naked eye. The 
spores are of two kinds; microsjior^ 
borne in tissues called sporangia 
which forms part of the anther; and 

337. Fsrtile and iWrilo frond* tlMCrospOTeS whJch 
of the HDUtive [em. , . , , 

are present m the 
pistil. The microspore developes into the 
pollen-grain. The macrospore develops l 
in the ovule into an embryo-sac, which \ 
contains the egg nucleus. The germi- 
nated pollen-grain constitutes the com- , 
pletely developed sterile gametophyte. a Ba<j-iik« indumum. 

The fully developed embryo-sac constitutes the fertile gam- 
etophyte. Fertilization occurs, and the sporophyte is again 
produced. This new sporophyte 
develops farther and we have the 
I embryo plant formed in the seed. 
/ This may remain dormant for a 
time, and when germinatioa 
occurs the visible sporophyte plant 
is produced. This in turn produces 
microspores and macrospores, and 
839. PnthtihuofBfem. EoiuKsd. the cycle Is again complete. The 
^°^'™" ' "' ™ • alternation of these phases in the 

plant's life history is known technically as oUernofion o/ 
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353. It happens that the spores of seed-bearing plants 
are borne amongst a mass of specially developed leaves 
known as flowers: therefore, these plants have been known 
as the flowering plants. Some of the leaves are developed as 
envelopes (calyx, corolla), and others as spore-bearing 
parts, or sporophyUs (stamens, pistils). But the spores of 
the lower plants, as of ferns and mosses, may also be borne 
in specially developed foliage, so that the line of demar- 
cation between flowering plants and flowerless plants is not 
so definite a^ was once supposed. The one definite dis- 
tinction between these two classes of plants is the fact that 
one class produces seeds and the other does not. The seed- 
plants are now often called spennaphytes, but there is no 
single coordinate term to set off those which do not bear 
seeds. It is quite as well, for popular purposes, to use the old 
terms, phenogams for the seed-bearing plants and cryptogams 
for the others. These terms have been objected to in recent 
years because their etymology does not express literal facts 
(phenogam refers to the fact that the flowers are showy, and 
cryptogam to the fact that the parts are hidden), but the 
terms represent distinct ideas in classification. Nearly 
every word in the language has grown away from its ety- 
mology. The cryptogams include three great series of 
plants — ^the Thallophjrtes or algse, lichens and fungi; the 
Bryophytes or moss-like plants; the Pteridophytes or fern- 
like plants. In each of these series there are many families. 
See the following Chapter. 

Review. — ^What is a spore? Describe the appearance of some 
fern plant that you have studied. What are the spores and sporangia? 
What is a sorus? Indusium? What grows from the spore? How does 
the new ^'fem" plant arise? What is meant by the ph ase ^'alternation 
of generations?' ' Define gametophyte and sporophyte. Describe 
the alternation in flowering plants. Explain the flower from this point 
of view. What is the significance of the word spermaphyte? Contrast 
phenogam and cryptogam. 

Note. — ^All the details of fertilization and of the development of 
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the generations are omitted from this book, because they are subjects 
for specialists and demand more training in research methods than 
the high-school pupil can properly give to plantnstudy. Cryptogams 
are as widespread as phenogams, and for this reason it has been 
urged that they are most proper subjects for study in the school. This 
position is imtenable, however, for the best plant subjects for youth 
are those which mean most to his life. It is said, also, that cryptogams 
are best for the beginner because their life-processes are relatively 
simple in many cases; but the initial study of plants should be under- 
taken for the purpose of quickening the pupil's perception of conmion 
and famiUar forms and problems, rather than for the purpose of de- 
veloping a technical knowledge of a given science. 



CHAPTER XXVII 

STUDIES IN CRYPTOGAMS 

The special advanced pupil who has acquired skill in 
the use of the compound microscope may desire to make 
more extended excursions into the cryptogamous orders. 
The following plants, selected as examples in various groups, 
will serve as a beginning. 

ALG^ 

The algte comprise most of the green floating "scum" which covers 
the surface of poads &nd other quiet wAters. The maeeeB of planta 
ore often called "frog spittle." Otheis are attached to etonee, pieces 
of wood and other objects submerged in Htieoma and lakes, and many 
are found on moist ground and on dripping rocks. Aside 
from these, all the plants conunonly known as seaweeds 
belong to this category. They are inhabitants of salt water. 

The simplest forms of algs consist of a single spherical 
cell, which multiplies by repeated division or fission. 
Specimens of these may be found growing on damp rock 
and the shady side of trees. Most of the forms found in 
fresh water are filamentous, i.e., the plontrbody consists 
of king threads, either simple or branched. Such a plant- 
body is t«rmed a Uicdlui. This term applies to the vege- 
tative body of all plants which are not differentiated into 
stem and leaves. Such plants are known as tiuUlopkytes 
(353). All algffi contain chlorophyll, and are able to as- 
similate carbon dioxid from the air. This distinguishes 
than from the fungi. S40. Strsod ot 

Spiroffyra. — One ot the most common forms of the '^'o w'i'n^ 
green al^ is spirogyra. (Tig. 340.) This plant frequently t^ '^^ 
forms the greater part of the floating green mass on ponds. There ia » 
The filamentous character of the thallus can be seen with '""='™* " '^ 
the naked eye or with a hand lens, but to study it carefully 
a microscope magnifying two hundred diameters or more should 

ri8S) 
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be used. The thread is divided into long cells by cross-walls which, 
according to the species, lire either Btraight or curiously folded. (Fig. 
341.) The chlorophyll is arranged in beautiful spiral bands near the 
wall of each cell. From the character of these bands the plant takes 
its name. Each cell is provided with a nvcleut and other 
proloplaem. The nucleus is suspended near the center 
of the cell, a, Fig. 340, by delicate gtranda of proto- 
plasm radiating .toward the wall and terminating at 
certain points in the chlorophyll band. The remainder 
of the protoplasm forms a thin layer lining the wall. 
The interior of the cell is filled with cell-sap. The pro- 
toplasm and nucleus cannot be easily seen, but if the 
plant b stained with a dilute alcoholic solution of eosin 
(153) they become clear. 

Spirogyra is propagated v^etatively by the break- 
ing off of parts of the threads, which continue to grow 
as new plants. Restii^-eporee, which may remain dor- 
mant for a time, are formed by a proceaa known as eon- 
jugation. Two threads tying side by ude send out 
short projections, usually from all the cells of a long 
Ml. Coiiju«s.iioii series. (Fig. 341.) The projections or processes from 
of Bpirogy™. opposite cells grow toward each other, meet and fuse, 
tpores <M the foiming a connecting tube between the cells. The 
!*"' ™?™^ protoplasm, nucleus and chlorophyll band (rf one cell 
' now pass through this tube, and unite with the con- 

tents of the other cell. The entire mass then becomes surrounded by 
a thick cellulose wall, thus completing the resling-tpore, or zygoapore. 
(Fig. 341, *.) 

Vaiicheria is another alga common in shallow water and on damp 
soil. The thallua is much branched, but the threads are not divided 
by croBB-walls as in spirogyra. The plants are attached by means of 
colorless root-like organs which are much like the root-hairs of the 
higher plants: these are rkixmdg. The chlorophyll is in the form of 
grains scattered through the thread. 

Vaucheria has a special mode of vegetative reproduction by means 
of swimming spores or sworm-sporei. These are formed mng^ in a 
short, enlarged lateral branch known as the tporangiwn. When the 
sporangium burets the entire contents escape, forming a single large 
awarm-epore, which swims about by means of numerous lashes or cilia 
on its surface. The sworm-epores are so large that they can be seen with 
the naked eye. After swimming about for some time they come U> 
rest and germiimte, producing a new plant. 
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342. Thnsdoft 



aoharis wilh oSaDois 



The fonnation of reeting-eporee ot vaucheria is accomplished 
by means ot special orgaoe, odgonia Fig. 342. o, and antAeridia. (Fig. 
342,a.) Both erf theee are specially developed braochee from the thallus. 
The antheridia are nearly cylin- 
drical, and curved toward the 
oCgonia. The upper part of ui 
antheridiiUD is cut off by a 
cross-wall, and within it n 
tnCTOus ciliated spenn-ceU« a 
formed. These escape by the 
ruptured apex of the antherid- 
ban. The oogonia are more enlarged than the antheridia and have 
^. a beak-like projection turned a little to one side of the 
/— \ apex. They are separated from the thallus-thread by a 
jHB| cross-wall, and contain a single large green cell, the egg- 
^^ cell. The apex of the odgonium is dissolved, and through 
the opening the sperm-cells enter. Fertilization is thus 
accomplished. After fertilization, the egg-cell becomes 
invested with a thick wall and is thus converted int« a 
reeting-fipore, the oSapore. (Fig. 343.) 



Rip« odepore 



FUNGI 

Some forms of fui^ are familiar to every one. Mushrooms and 
toadstools, with their varied forms and colore, are common in fields, 
woods and pastures. In every household the common moulds are 
familiar intruders, appearing on old bread, vegetables and even within 
tightly sealed fruit jars, where they form a felt-like layer dusted over 
with blue, yellow or black powder (192). The 
strange occnrrence of these plants long mystified 
people, who thought they were productions of the 
dead matter upon which they grew, but now we 
know that a mould, like any other plant, cannot 
originate spontaneously; it must start from some- 
thing which is analogous to a seed. The "seed" 
in this case is a spore. The term spore is applied 
to the minute reproductive bodies of all flower- 
less plants. A spore is a very simple structure, 
usual^ of only one plantn^ell, whose special ^^j^''"'h^^f*^''' 
function is to reproduce the plant. A spore m^ 
be produced by a vegetative process (growing out from the ordinary 
plant tisBuee), or it may be the result of a fertiliiation process (344). 
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Mould. — One of these moulds, Mucor mucedo, which b very com- 
mon on all decaying fruits and vegetables, is shown in Fig. 344, some- 
what magnified. When fruiting, this mould appears as a dense mass 
of long white hairs, often over an inch high, standing erect from the 
fruit or vegetable upon which it is growing. ^ a 

The life of this mucor bt^pns with a minute 0^ 

rounded spore (a, Fig. 345), which lodges on the _ 
decking mat«rial. When the spore germinates, it " 
sends out a deUcste thread which grows rapidly in 
length and forms very many branches which soon ^^- 8p"™ 
permeate every part of the substance on which the """* ""^ 
plant grows, (b, Fig. 345.) One of these threads is termed a hypha. All 
the threads together from the myedium of the fungus (194). The 
mycelium disorganises the material in which it grows, and thus nour- 
ishes the mucor plant. (Fig. 344.) It corresponds physiologically to the 
roots and stems of other plants. 

When the mycelium is about two daj^ old, it begins to form the 
long fruiting stalks which we first noticed. To study them, use a 
compound microscope magnifying about two hundred diameters. One 
of the stalks, magnified, is shown in Fig. 346, a. It consists of a rounded 
head, the sporangiuni, sp,- supported on a long, delicate stalk, the. 
sporangiophore, at. The stalk is separated from the sporangium by 
a wall which is formed at the base of the sporangium. This wall, how- 
ever, does not extend straight across the 
thread, but it arches up into the sporangium 
like an inverted pear. It is known as the 
4 eobimeUa, c. When the sporangium is placed 

in water, the wall immediately ruptures and 
allows hundred of spores, which were formed 
in the cavity within the sporai^um, to 
' escape, E>. All that is left of the fruit is 
the stalk, with the pear-shaped columella 
at 'tis summit, c. The spores which have been 
set free by the breaking of the sporangium 
wall are now scattered by the wind and 
348. Mucor, a, sporancium: Other ^ents. Tfaose which lodge in favor- 
*'^'™1i"™'™"''°*' '*'* P'^^B begin to grow immediately and 
"' ™" ' reproduce the fungus. The others soon perish. 

The mucor may continue to reproduce itself in this way indefi- 
nitely, but these spores are very delicate and usually die if they do not 
ftJl on favorable ground, bo that the fungus is provided with another 
means of carrying itself over unfavorable seasons, as winter. This is 
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accomplished by means of curious tliick-walled lestingHspores or zygo- 
spores. The zygoq>ores are formed on the mycelium buried within 
the substance on which the plant grows. They originate as follows: 
The threads of two sexually different plants that 
lie near together send out short branches, which 
grow toward each other and finally meet. (Fig. 347.) 
The walls at the ends, a, then disappear, allowing 
the contents to flow together. At the same time, 
however, two other walls are formed at points 
farther back, &, &, separating the short section, c, 
from the remainder of the thread. This section now 
increases in size and becomes covered with a thick, 
dark brown wall omam^ited with thickened tu- 
bercles. The zygospore is now mature and, after 
a period of rest, it germinates, either producing a 
sporangium directly or growing out as myceliiun. 

The zygospores of the mucors form one of the 
most interesting and instructive objects among the 
lower plants. They are, however, very difficult to 
obtain. One of the mucors, Sporodinia grandis, 
may be frequently found in summer growing on 
toadstools. This plant usually produces zygospores, 
which are formed on the aerial mycelium. The 
zygospores are large enough to be recognized with a hand lens. The 
material may be dried and kept for winter study, or the zygospores may 
be prepared for permanent microscopic mounts in the ordinary way. 

WiUow mUdew. — Most of the molds are saproph3rtes (192). There 
are many other fungi which are parasitic on living plants and animals. 
Some of them have interesting and complicated life-histories, under- 
going many changes before ^e original spore is again produced. The 

* willow mildew and the 

conunon rust of wheat 
will serve to illustrate the 
habits of parasitic fungi. 
The willow mildew 
(Uncinula salicis) forms 
white downy patches on 
the leaves of willows. (Fig. 348.) These patches consist of numer- 
ous interwoven threads which may be recognized as the mycelium 
of the fungus. The mycelium in this case lives on the surface of the 
leaf and nourishes itself by sending short branches into the cells of the 
leaf to absorb food-materials from them. 



Mucor showing 
formation of i^so- 
spore on the nc^t; 
germinating zygo- 
spore on the left. 




348. Colonies of willow mildew. 
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NumnouB aunaner-tporet are fonued on ahort erect branohefl all 

over the white surface. One of these branches is shown in Fig. 349. 

When it has grown to a certain length, the upper part b^ios to segment 

or divide into eporea which fall and are scattered by the wind. Those 
falling on other willows reproduce the 
fungus there. 

Tbia proceea continues all summer, 
but in the later part of the season pro- . 
visioD is made to maintain the mildew 
through the winter. If some of the white 
patches are closely examined in July or 
August, a number of little black bodies 
will be seen amoi^ the threads. These 

349. Summer-spore* of willow tittle bodies, called perilhecia, are shown in 
"■ Fig- 350. To the naked eye they appear 

as minute specks, but when seen under a magnification of 200 diameters 

they piftstfnt a very interesting appearance. They are hollow spheri- 
cal bodies decorated around the outside with a fringe of crook-Uke 

hairs. The resting-aporea of the 

willow mildew are produced in 

saea or aed inclosed within the 

leathery perithecia. Fig. 351 

shows a cross-section of a peri- ■ 

thecium with the asci arising 

frjm the bottom. The spores 

remain securely pocked in the , 

perithecia. They do not ripen in 

the autumn but fall to the ' 

ground with the leaf and there 

reinam securely protected among 

the dead foliage. The following 

spring they mature and are lib- „,„„.,. , ... .,j 

Tj L .u J I .1. ■ 350. PenthMiuio of willow mildew. 

erated by the decay of the peri- 
thecia. They are then ready to attack the unfolding leaves of the 
willow and repeat the woric of the summw before. 

Wheal rusl.^Ths development of some of the 
rusts, like the common wheat nist (Puccinia gram- 
i), is even more interesting and complicated 
thtm that of the mildews. Wheat rust is also a true 
parasite, affecting wheat and a few other grasses. 
^rit^^tr^ The mycehum here cannot be seen by the unaided 
low mildew. eye, for it consists of threads which are present 
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362.. 

Sori containing teleu- 
tospores of wheat 
rust. 



within the host -plant, mostly in the intercellular spaces. These 
threads also send short branches, or haustoria (194), into the neighbor- 
ing cells to absorb nutriment. 

The resting-spores of wheat rust are 
produced in late summer, when they may 
be found in black lines breaking through the 
epidermis of the wheat-stalk. They are 
formed in masses, called sori (Fig. 352), 
from the ends of niunerous crowded mycelial 
strands just beneath the epidermis of the 
host. The individual spores are very small 
and can be well studied only with high 
powers of the microscope (x about 400). 
They are brown two-ceUed bodies with a 
thick wall. (Fig. 353.) Since they are the 
restmg- or winter-spores, they are termed 
teleiUospores ("completed spores")* They 
usually do not fall, but remain in the sori 
during winter. The foUowing spring each 
cell of the teleutospore puts forth a rather stout thread, which does 
not grow more than several times the length of the spore and termi- 
nates in a blunt extremity. (Fig. 354.) This germ-tube, promycelium, 
now becomes divided into four cells by cross-walls, which are formed 
from the top downwards. Each ceU gives rise to a short, g 
pointed branch which, in the course of a few hours, forms a * 
single small spore at its summit. In Fig. 354 a germinating 
spore is drawn to show the basidium, 6, divided into four 
cells, each producing a short branch with a little sporidimn, s. 
A itnost remarkable circumstance in the life-history of 
the wheat rust is the fact that the mycelium produced by 
the teleutospore can live only in barberry 
leaves, and it follows that if no barberry 
bushes are in the neighborhood the sporidia 
finally perish. Those which happen to lodge on 
a barberry bush germinate in:miediately, pro- 
ducing a mycelium which enters the barberry 
leaf and grows within its tissues. Very soon 
the fungus produces a new kind of spores on 
the barberry leaves. These are called seddio- 
spores. They are formed in long chains in little fringed cups, or aecidia, 
which appear in groups on the lower side of the leaf. (Fig. 355.) These 
orange or yellow secidia are termed cluster-cups. In Fig. 356 is shown 
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364. Germi- 
nating te- 
363. leutospore 

Teuleutospore of wheat 
of wheat rust. rust. 
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s croaa-Bection of one of the cups, outlining the loi^! chtuns of spores, 
and the mycelium in the tissues. 

llie secidiospores are formed in the eprii^, and alter they have been 
set free some of them lodge on wheat or other grasses, where they germi- 
nate immediately. The germ-tube 
enters the leaf through a stomate, 
whence it spreads among the cells of 
the wheat plant. The lecidiospores 
not able to infect the barberry 
During eummer one-celled 
Mo-iMatymmtnTwaa uredospores ("bl^ht spores") are 

uBMiHniiis. produced in a manner similar to the 

teleutospores. The son bearing them are red, due to the color of the 
spores of the mass. These are capable of germinating immediately 
and serve to disseminate the fungus during the summer on other wheat 
plants or grasses. (Fig. 357.) Late in the seaaon, teleutosporea are again 
produced, completing the life cycle of the plant. 

Many rusts besides Fuccinia gramipis produce different spore-forms 
on different plants. The phenom- 
enon is called heler<Bci»m, tuid 
was first shown to exist in the 
wheat rust. Curiously enough, the 
peasants of Europe had observed 
and BBserted that barberry bushes 
cause wheat to bhght long before , 
science explained the relation be- 
tween the cluster-cups on barberry 
and the rust on wheat. The true 
relation was actually demonstrated, 
as has since been done for many 
other rusts on their respective 
hosts, by sowing the eecidiospores 
jM.^^ on healthy wheat 
Mg^^^ plants and ^us pro- 

® 9 ducing the rust. The ^- Seeti™ thmnh » BhiBtei-<mp on 
^■^ , , . , , bsrbern- lest. 

3ST. cedar apple is another 

Uredcwpores ot ^f^^ t]ie fungus producing the curious swellings often 
found on the branches of red cedar trees. In the spring 
the teleutospores ooze out from the "apple" in brownish yellow masses. 
It has been found that these attack various pomaceous fruit trees pro- 
ducing lecidia on their leaves. Cedar treee about orchards may be a 
menace unless carefully watched. 
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LICHENS 

Lichens are so common everywhere that the attention of the student 
iis sure to be drawn to them. They grow on rocks (Fig. 373), trunks 
of trees, old fences and on the earth. They are too difficult for begin- 
ners, but a few words of explanation may be useful. 

Lichens were formerly supposed to be a distinct or separate divi- 
sion of plants. They are now known to be organisms, each species of 
which is a constant association of a fungus and an alga. The thallus 
is ordinarily made up of fungous myceUum or tissue, within which the 
imprisoned alga is definitely distributed. This association of alga and 
fimgus is usually spoken of as symbiosiSy or mutually helpful growth, 
both together being able to accomplish work which neither could do 
independently. By others this imion is considered to be a mild form 
of parasitism, in which the fungus profits at the expense of the alga. 
Each compdnent may be able to grow independently, and under such 
conditions the algal cells seem to thrive better than when imprisoned 
by the fungus. 

Lichens propagate by means of sorediay which are tiny parts sepa- 
rated from the body of the thallus, and consisting of one or more algal 
cells overgrown with fungous threads. These are readily observed 
in many lichens. They also produce spores, usually ascospores, which 
are always the product of the fungous element, and which reproduce the 
lichen by germinating in the presence of algal cells, to which the hyphse 
immediately cling. 

Lichens are found in the most inhospitable places and, by means 
of acids which they secrete, they attack and slowly disintegrate even 
the hardest rocks. By making thin sections of the thallus with a sharp 
razor and examining under the compound microscope, it is easy to 
distinguish the two components in many lichens. 

LIVERWORTS 

The liverworts are peculiar, flat, green plants usually found grow- 
ing on wet cliffs and in other moist, shady places. They frequently 
occur in greenhouses where the soil is kept constantly wet. One of 
the commonest liverworts is Marchantia polymorpha, two plants of 
which are shown in Figs. 358, 359. The plant consists of a flat ribbon- 
like thallus which spreads over the soil, becoming repeatedly forked 
as it grows. The end of each branch is always conspicuously notched. 
There is a prominent midrib extending along the center of each branch 

M 
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of the tlialluB. On the undra- side of the thallus, especially along the 
midrib, there are numerous riiiioids which serve the purpose of roots, 
absorbing nouiisluneat from the earth and holding the plant in ita 
place. The upper surface of the thallus is divided into minute rhombic 
areas which can be seen with the naked eye. Each of -theee areas is 
perforat«d by a Hmall breathing pore or stomate which leads into a 



cavity just beneath the epidermis. This space is surrounded by ohloio- 
phyll-bearing cells, some of which stand in rows from the bottom of 
the cavity. (Pig. 360.) The delicate assimilating tissue is thus brought 
in close communication with the outer air through the pore in the 
thick protecting epidermis. 

At various pointe on the midrib are httle cupe which conttun small 
green bodies. These bodies are buds or gemmre which xk outgrowths 
from the cells at the bottom of the cup. They become loosened and 
are then dispersed by the rain to other places where they take root and 
row info new plants. 
The most strikii^ organs on the 
thallus of marchantia are the pecu- 
liar stalked bodies shown in Figa. 358, 
, 359. Theee are termed ar6hegonio- 
pkore and a7ttii«ridiophoret or re- 
ceptades, each produced on separate 
plants. Their structure and function 
are veiy intweeting, but their parts 
are so minute that they con be 
studied only with the aid of a micro- 
BOope magnifying from 100 to 400 times. Enlarged drawings wiii 
guide the pupil. 

The antheridiophores are fleshy lobed disks borne on short stalks. 
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(Fig. 358.) The upper surface of the diak shows openinga scarcely 
visible to the naked eye. However, & section of the disk, euch as is 
drawn m Fig. 361, showa that the pores lead into oblong cavitiea in 
the receptacle. From the baae of each cavity there arises a thick 
club-shaped body, the antheridium. Within the antbeiidium ara 
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formed many epetm-ceUa which are capable of awimming about in 
water by means of loi^ lashes or cilia attached to them. When the 
antheridium is mature, ita wall ruptures and allows the ciliated sperm- 
cells to escape. 

The archegoniophorea are alao elevated on stalks. (Fig, 359.) In- 
stead of a simple diak, the receptacle consiata of nine or more fii^er- 
like rays. Along the under side of the raj^, between delicately fringed 
curtains, peculiar flask-like bodies, or arcbc^onia, are situated. The ' 
archegonia are not visible to the naked eye. They can be studied only 
with the fflicroacope (x about 400). One of them much magnified is 
represented in Fig. 362. Its principal parts are the loi^ neck, a, and 
the rounded center, 6, inclosii^ a large free cell — the egg-cell. 

We have seen that the antheridium at maturity discharges its 
sperm-cella. These awim about in the water provided 
- by the dew and rain. Some of them finally, find their 
I way to the archegonia and egg-cella, which are thus 
^ fertiUzed, as pollen fertilizes the ovules of higher plants. 

After fertilization the ^y;-cell 
develops into the spore-capsule or 
»poTOi)onium. The mature spore- 
f^ c^)euleB may be seen in Fig. 363, i 

They consiat of an oval spore-caae 
on a short stalk, the base of which 
is imbedded in the tiaaue of the re- 
ceptacle from which it derives the 
^u^'otXl necessary nourishment for the de- '*^;t"Jj^^^^°" 
ahutu. velopment of the aporogonium. At mBntuuituu 
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364. Spores and elaters of marchantia. 



maturity the sporogonium is ruptured at the apex, setting free the 
spherical spores together with numerous filaments having spirally 
thickened walls. (Fig. 364.) These filaments are called etaters. When 
drying, they exhibit rapid movements by means of which the spores 
are scattered. The spores germinate and again produce the thallus of 
marchantia. 



MOSSES 

If we have followed carefully the development of marchantia, the 
study of one of the mosses will be comparatively easy. The mosses 
are more famihar plants than the liverworts. They grow on trees, 
stones, and on the soil both in wet and dry places. One of the com- 
mon larger mosses, known as Polytrichmn commune, may serve as an 
example. This plant grows on rather dry knolls, mostly in the borders 
of open woods, where it forms large beds. In dry weather these beds 
have a reddish brown appearance, but when moist they form beautiful 
green cushions. This color is due, in the first instance, to the color of 
the old stems and leaves and, in the second instance, to the peculiar 




365. Section of leaf of Polytrichum commune. 

action of the green living leaves under the influence of changing mois- 
ture-conditions. The inner surface of the leaf is covered with thin, 
longitudinal ridges of delicate cells which contain chlorophyll. These 
are shown in cross-section in Fig. 365. All the other tissue of the 
leaf consists of thick-walled, corky cells which do not allow moisture 
to penetrate. When the air is moist the green leaves spread out. 
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300. Section throuih ■ reoeptacla of 
Folytriobiim Dommune, bIhiii' 
psrephTgei and aotbariilis. 



S the chlontphyll cells to the ku*, but in dry weather the mar- 
gins of the leavee roll iDwud, and the leaves fold clooely againBt the 
stoD, thtiB jsotecting the delicate assimilating tissue. 
• The aotheridia and archeeonia of polytrichum are borne in gcoupe 
at the ends of the branches on different 
plants (many mosses bear both organs 
on the same branch). They are sur- 
rounded by involucres of characteristic 
leaves termed perichtetia or periekietid 
leaves. Multicellular hairs known as 
paraphyiea are scattered among the 
archegonia and antheridia. The invo- 
lucres with the organs borne within thwa are called receptadea or, lees 
t^propriat«ly, "moss flowers." As in marchantia, the organs are very 
minute and must be highly magnified to be studied. 

The anth^dia are borne in broad cup-like leceptacles on the 
antheridial plants. (Fig. 366.) They are much like 
the aotheridia of marchantia, but they stand free 
among the paraphyses and are not sunk in cavities. 
At maturity they burst and allow the sperm-cells 
or ipermatoioidt to e8ci4>e. 
In polytrichum whm the re- 
ceptacles have fulfilled their 
function the stem continues 
to grow from the center of the 
cup. (Fig. 367, m.) The arch- 
^onia are borne in other re- 
ceptacles on difierent plants. 
They are like the archegonia 
rf marchantia except that they 
stand ««ot on the end of the 
branch. 

The sporogonium which de- 
velops from the fertilized ^g 
is shown in Fig. 367, a, b. It 
consiste of a long, brown stalk 
bearing the spore-case at its 
Bummit. The base of the stalk 
is embedded in the end of the *«'■ ^•^^}'^'^. 

,,,,,. one on the left 10 

moss stem by which it is nour- 
ished. The capsule is entirely inclosed by a hairy cap, the calyplra, b. 
He calyptra is really the remnant of the archegonium, which for a time 




198 STUDIES IN CRYPTOGAMS 

increases in size to accommodate and protect the young growing cap- 
sule. It is finally torn loose and carried up on the spore-case. The 
mouth of the capstde is closed by a circular lid, the operculum, having 
a conical projection at the center. The operctdum soon drops, or it • 
may be removed, displaying a fringe of sixty-four teeth guarding the 
mouth of the capstde. 

This ring of teeth is known as the peristome. In most mosses the 
teeth exhibit pecuUar hygroscopic movements, i.e., when moist they 
bend outwards and upon drying curve in toward the mouth of the 
capsule. This motion, it will be seen, serves to disperse the spores 
gradually over a long period of time. 

Not the entire capsule is filled with spores. There are no elaters, 
but the center of the capsule is occupied by a columnar strand of tis- 
sue, the coliunella, which expands at the mouth into a 
thin, membranous disk, closing the entire mouth of the 
capstde except the narrow annular chink guarded by the 
teeth. In this moss the points of the teeth are attached 
to the margin of the membrane, allowing the spores to sift 
out through the spaces between them. 

When the spores germinate, they form a green, 
branched thread, the protonema. This gives rise directly 
to moss plants, which appear as little buds on the thread. 
When the moss plants have sent their little rhizoids into 
the earth, the protonema dies, for it is no longer necessary 
for the support of the little plants. 

FERNS 

The adder's tongue fern, Ophioglossum vulgatum, 
shown in Fig. 368, is one of a peculiar type of ferns be- 
longing to the family Ophioglossacese. This plant has a 
short, subterranean stem from which a single frond imfolds 
each year. The roots arise near the bases of the leaves. 
368. The leaves are curiously ' divided into a sterile and a 
Ophioglossum fertile part, the latter being a sporophyll. The sterile part 
vuiga um. ^^ ^ tongue-shaped blade which is narrowed to a petiole. 
The young leaves are inclosed by the sheathing base of the petiole. 
The growth is very slow, so that it takes several years for each leaf to 
develop before it is ready to unfold. During its development each leaf 
is sheathed by the one preceding it. 

The sporophyll is elevated on a stalk arising near the base of the 
sterile part ol the frond. The upper part consists of a spike bearing 
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two rows of large spore-cases or sporangia sunk in the tissue. At 
maturity the sporangia open by transverse slits and discharge the 
inclosed spores. 

When the spores germinate they produce subterranean tuberous 
prothallia which, however, are rarely found, and of whose history little 
is known. They develop archegonia and antheridia beneath the surface 
of the ground, and the fertilized egg produces the young fern plant. 

The generations of the true ferns are explained in Chapter XXVI. 



EQUISETUMS, OR HORSETAILS 

There are about twenty-five species of equisetiun, constituting 
the only genus of the unique family Equisetacese. Among these E. 
arvense is conunon on clayey and sandy soils. 

In this species the work of nutrition and that of spore-production 
are performed by separate shoots from an underground rhizome. The 
fertile branches appear early in spring. The stem, which is 3 to 6 
inches high, consists of a number of cylindrical furrowed intemodes 
each sheathed at the base by a circle of scale-leaves. The shoots are 
of a pale yellow color. They contain no chlorophyll, and are nourished 
by the food stored in the rhizome. (Fig. 369.) 

The spores are formed on specially developed fertile leaves or 
sporophylls which are collected into a spike or cone at the end of the 
stalk (Fig. 369, a). A single sporophyU is shown at 6. It consists 
of a short stalk expanded into a broad, mushroom-like head. Several 
large sporangia are borne on its under side. 

The spores formed in the sporangia are very interesting and beau- 
tiftd objects when examined under the microscope (X about 200). 
They are spherical, green bodies each surrounded by two spiral bands 
attached to the spore at their intersection, s. These bands exhibit 
hygroscopic movements by means of which the spores become entangled, 
and are held together. This is of advantage to the plant, as we shall see. 

All the spores are alike, but some of the prothallia are better noiur- 
ished and grow to a greater size than the others. The large prothallia 
produce only archegonia while the smaller ones produce antheridia. 
Both of these organs are much like those of the ferns, and fertilization 
is accomplished in the same way. Since the prothallia are usually 
dioecious, the special advantage of the spiral bands holding the spores 
together, so that both kinds of prothallia may be in close proximity, 
will be easily understood. As in the fern, the fertilized egg-cell develops 
into an equisetum plant. 
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The sterile ehoota, F^. 369, «t, ^pear much kter in the Beason. 
They give rise to repeated whorls of Ekngular or furrowed branches. 
The leaves are very much reduced scales, situated at the int«niodes. 
The stons are provided with chlorophyll and act as asaimilating tia- 
aue, nouiishiiig the rhizome and the fertile shootB. Nutriment is ^Iso 
stored in special tubers developed on the rhizome. 
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Other species of equisetum have only one kind of shoot — a tall, 
hard, leafless, green shoot with the spike at its sumimt. Equisetum 
stems are impregnated with silica and they are sometimes used for 
scouring floors and utensils: hence the common name "scourii^ rush." 



ISOETES 

IsoetcH or quillworts are usually found in water or damp soil on 
the edges of ponds and lakes. The general habit of a plant is seen 
in Fig, 370, a. It consists of a short, perennial stem bearing numer- 
ous erect, quill-like leaves with broad sheathing bases. The plants 
are commonly mistaken for young grasses, 

Isoetes bears two kinds of spores, large roi^ened ones, the macro- 
spores, and small ones or microaporea. Both kinds are formed in spo- 
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rangia borne in an excavation in the expanded base of the leaf. The ma- 
crospores are formed on the outer, and the microspores on the inner leaves. 
A sporan gi um in the base of a leaf is shown at 6. It is partially covered 
by a thin membrane, the rdum. The minute triangular appendage at 

the upper end of the sporangimn is called the ligvle. 

The spores are liberated by the decay of the spo- 
rangia. They form rudimentary prothallia of two 
kinds. The microspores produce prothallia with an- 
theridia, while the macrospores produce prothallia with 
arehegonia. Fertilization takes place as in the mosses 
or liverworts, and the fertilized egg-cell, by continued 
growth, gives rise again to the isoetes plant. 



ALTERNATION OF GENERATIONS 

In Chapter XXVI, the aHemations of generations 
and the terms gametophtye and sporophyte were 
explained. In many of the plants just studied, 
this alternation is more clearly and beautifully 
marked than in any other groups of plants. 
In each generation, the reproductive body 
(egg or spore) gives rise to a new plant- 
form or generation different from the par- 
ent generation. In the liverworts the 
thallus produces the egg. The fertilized 
egg-cell is the beginning of a new plant, 
but this new plant is not like the thallus 
which produced the egg, nor does it lead 
an independent existence. It is the sporo- 
gonium, which, although it is attached to 
the thallus, is not a morphological part 
thereof. The sporogonium produces spores. It is the sporophyte gen- 
eration of the plant, and not until the spores germinate is the thallus 
again produced. The same is true in the mosses. The "moss plant" 
produces the egg-cells. It is the gametophyte. The fertilized egg-cell 
develops into the sporophyte — ^the spore-case and its stem. We can 
pull the stem of the capsule out of the moss plant and thus separate 
the sporophyte from the gametophyte. 

The fungi and aJgae are omitted from these remarks. In the former 
there is nothing analogous to the sporophyte and the gametophyte* 
In algse like spirogyra, evidently the whole plant is a gametophyte. 




370. IsoStes showing habit of 
plant at a; &, base of leaf 
showing sporangium, velum, 
and ligule. 
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and, since the zygospore germinates directly into a new gametophyte, 
there is probably no sporophyte. In some other algs traces of a sporo- 
phyte have been found, but the discussion of these would lead too far 
for the present puii)ose. 

In the ferns the egg-cells are developed on the prothallus. This 
then is the gametoph3rte. It corresponds to the thallus of marchantia 
and to the ''moss plant/' but it has become much reduced. The plant 
developing from the fertilized egg-cell is the large and beautiful ''fern 
plant'' differentiated into stems and leaves. Since the fern plant 
produces the spores directly, it is the sporophyte and corresponds 
to the shaft and capsule of the mosses. Both sporophyte and gameto- 
phyte lead an independent existence. 

As we pass on to equisetum and oscetes, the sporophyte is still 
more conspicuous in comparison with the gametophyte. In isoetes the 
prothallus (gametophyte) is very rudimentary, consisting only of a 
few cells remaining within the spore, which merely bursts to expose 
the archegonia or to allow the sperm-cells to escape. Moreover, the 
spores have become differentiated into micro- and macrospores corre- 
sponding to the pollen and embryo-sac of higher plants. 

This gradual increase of the sporoph3rte and reduction of the gameto- 
phyte can be traced on through the flowering plants in which "the 
plant" is the sporophyte, and the gametophyte is represented simply 
by a few cells in the germinating pollen grain, and in the embryo-sac. 



PART II— 

THE PLANT IN RELATION TO ITS 

ENVIRONMENT AND TO MAN 



CHAPTER XXVIII 

WHERE PLANTS GROW 

354. Environment. — The circumstances and surromid- 
ings in which an organism lives constitute its environment. 
The environment comprises effects of soily moisture, tempera- 
ture, altitude, sunlight, competition with animals and other 
plants, and the like. An organism is greatly influenced by 
the environment or conditions in which it lives. Not only 
must a plant live and grow and multiply its kind, but it 
must be capable of withstanding diverse environments. 

355. The particular place in which a plant grows is known 
as its habitat (i.e., its "habitation"). The habitat of a given 
plant may be a swamp, hill, rock, sand plain, forest, shore. 
The plant inhabitants of any region are known collectively 
as its flora. Thus We speak of the flora of a meadow or a 
hill or a swamp, or of a country. The word is also used 
for a book describing the plants of a region (as in Part IV). 

356. Plants Grow Where They Must. — The plant is not 
able to choose its environment. It has no volition. Its seeds 
are scattered, and only a few of them fall in favorable places. 
The seeds make an effort to grow even though the places are 
not favorable; and so it happens that plants are often found 
in places that are little adapted to them. See the fern 
growing on a brick in Fig. 74. Plants must grow in 
unoccupied places. 

357. Not only do the seeds fall in imfavorable places, 
but most places are already occupied. So it comes that 
plants grow where they must, not always where the conditions 
are the most favorable. There are, of course, certain limits 
beyond which plants cannot grow. Water-lilies can thrive 
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only in water, and white oaks only on dry land, but it is 
seldom that either the water-hly or the oak finds the most 
congenial pl&ce in which to grow. Fine large plants of the Uly 
and strong giant trees of the oak are so infrequent, as com- 
pared with the whole number, that we stop to admire them. 

358. Originally, plants probably were aquatic, as animals 
were. Much of the earth was sea. Many plants are now 
aquatic, and the larger number of these — as algse and their 
kin — belong to the lower or older forms of plant life. Many 
plants of higher organization, however, as the water-lilies, 
have taken to aquatic life. True aquatic plants are those 
that always live in water, and that die when the water dries 
up. They are to be distinguished from those that live on . 
shores or in swamj>s. Aquatic plants may be wholly im- 
mersed or under water, or partly emeraed or standing above the 
water. Most flowering aquatic plants come to the surface 
to expand their flowers or to ripen their fruits. Some aquatic 
plants are free-swimming, or not attached to the bottom. 
Of this kind are some utricularias or bladder-worts. In some 
waters, particularly in the ocean, there are enormous quanti- 
ties of free-swimming microscopic life, both animal and 
vegetable, which is carried about by currents: this is known 
under the general 

name of plankton 
(Greek for "wander- 
ing" or "roaming"). 

359. The general 
tendency has been 
for plants to become 
terrestrial, or land-in- 
habiting. Terrestri^ 
plants often grow in 

wet places, but never .^"- Tte li**- i^™ ™ 'i" h«d ™t 

in water throughout their entire life; of such are swamp, bog 

and marsh plants. Some plants have the abihty to grow 
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in standing water when young and to become terrestrial 
as the water dries up. Such are ampkibums. Some 
buttercups are examples; menn^d-weed (Proserpinaca) is 
another. 

360. Some plants grow in very special soils or special 
localities, and consequently are inh'equent or are confined 
to certun well-marked gct^raphical regions. (Fig. 371.) 



I aad fioriats as packing materul for pUnta. 

Common plants are those that are able to accommodate 
themselves to widely different environments. Weeds are 
examples. Many plants have become so specialized in habitat 
as to be parasitic, saprophytic or epiphjrtic. (Chap. XV.) 

361. Common plants often grow in most unusual and 
difficult places. Note that some weeds grow not only in 
fields, but often gain a foothold in chinks in logs, on rot- 
ting posts, in crotches of trees, on old straw stacks, in clefts 
and crannies of rocks. In moist climates, as in England, 
plants often grow on thatched roofs. 

362. Plants may be said to be seekii^ new places in 
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which to grow. Whenever ground is cleared of vegetation, 
plants again spring up. The fanner plows the meadow 
or pasture, and immediately a horde of weeds appears. 



Any breach -or break in the earth's surface makes room 
for a new group of plants. Note how the railway embank- 
ments and the newly graded roadsides take on a covering 
of vegetation. Observe the ragweed. Whenever soil is 
formed at the base of a cliS, plants at once secure a foothold. 
{Fig. 372.) 

363. Plants Aid in the Formation of Soil.— This they 
do in two ways: by breaking dovm the rock; by passing into 
earth when they decay. Even on the hardest rocks, lichens 
and mosses may grow. (Fig. 373.) The rhizoids eat away 
the rock. A little soil is formed. Ferns and other plants gain 
a foothold. The crevices are entered and widened. Slowly 
the root acids corrode the stone. Leaves and stems collect 
on the rock and decay. Water and frost lend their aid. As 
the centuries pass, the rock is eaten away and pulverized. 
Note the soil that collects on level rocks in woods where 
wind and rain do not remove the accumulations. 

364. In bogs and marshes and on prairies, the remains 
of plants form a deep black soil. In bogs the vegetable 
matter is partially preserved by the water, and it slowly 
becomes solidified into a partially decayed mass known as 
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peat. When di^ out and dried, peat may be used as fuel. 
Finally it may decay and make a vegetable soil known as 
muck. When thoroughly decayed, plants become vege- 
table mold or kumtts. New plants grow on peat or muck, 
and the accumulations year by year tend to raise the level 
of the bog, and the surface finally becomes so high as 
to support plants of the high lands. An important agent 
in the formation of peat bogs is sphagnum moss. New 
moss grows on the old, and the bog becomes higher as 
time goes on. (Fig. 374.) 



376. A Luiilacapc devoid of veeetatiau. Western Vniud SUto. 

365. Plants Contribute to Scenery. — Aside from sky 
and air, natural scenery depends chiefly on two things: the 
physical contour of the earth; the character of the vegeta- 
tion. Contrast the aspect of winter and summer scenes bb 
expressed in vegetation. (Fig. 375.) Imagine any land- 
scape with which you are familiar to be devoid of plants. 
Compare Figs. 376 and 377. 

Review. — What is meant by environment? By habitat? Flora? 
What detenninea where plants ehall grow? What is an aqu&tic plant? 
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Explain imniersed, emersed, free-swimmmg. What is plankton? Ex- 
plain terreatrial. Amphibious. Why are some plants rare or local? 
Why are some plants common? Name some unusual places in which 
you have seen plants growii^. Give examples of how plants occupy 
the new places. How do plants aid in the formation of soil? Explain 
what is meant by peat, muck, humus. How are peat bogs formed? 
What relation have plants to Bceneiy? 



377. A laDdBcape w 



CHAPTER XXIX 
CONTENTIOH WITH PHYSICAL EHVIRONMBNT 

366. Tlie Physical Environment— We have seen (354) 
that the environment in which a plant grows is made up 
of two sets of factors — the physical environment of climate 
and soil, and the organic erwironment of competing animals 
and plants. 

367. Modifications to Climate in General. — Every par- 
ticular climate induces particular modifications in its plants. 
There are two general ways, however, in which plants are 
modified by climate: modification in the length of the 
period of growth; modification in stature. Any modification 
of the plant, visible or invisible, that enables it to grow in a 
climate at first injurious to it, is acdimatizaiion. 

368. In short-season chmates, plants hasten their growth. 
They mature quickly. Indian com may require five or six 
months in which to mature in warm countries, but only 

three months in very cold 
countries. Garden vegetables 
probably mature quicker 
from the time of planting in 
f the North than in the South 

378. Germination of corn grown in whcU thcv BTC falscd frOm 

New York (on the Ipft] aaii ia Alaiiania. , ■ . u ■ 

seeds grown m their respec- 
tive localities. Some seedsmen think this to be true and 
they like to raise seeds of early varieties in the North, for 
such seeds usually give "early" plants. Many plants that 
are perennials in warm countries become anmiaU or plur- 
annutUs in cold countries (14). 

369. Plants are usually dwarf or smaller in stature in 

(212) 
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short-season climates. Indian com is a conspicuous ex- 
ample. As one ascends high mountains or travels in high 
latitudes, he finds the trees becoming smaller and smaller, 
until finally he passes beyond the regions in which the trees 
can grow. Many of the Esquimaux doubt the statements 
of travelers that there are plants as high as a man. In these 
high altitudes and high latitudes, plants tend also to be- 
come prostrate. 

370. Plants 
are Influenced 
by Wind.— In 
regions of strong 
prevailingwinds, 
as on lake and 
sea shores and 
on hills and 
mountains, tree- 
tops develop un- 
symmetrically 
and are heaviest 
on the leeward 
side. (Figs. 379, 
380.) Observe 
this fact in or- 
chards in windy 
regions, and note 
that the most unsymmetrical trees are those on the exposed 
side of the plantation. 

371. Trees often lean away from the prevailiiig mnda. 
The tips of the branches of exposed trees usually indicate 
whether there are strong prevailing 'winds. (Fig. 381.) 
Observe trees in pastures and along roadsides, particularly 
in high places and within a few miles of exposed shores. 
Note the tip-top spray of hemlock trees. 

372. Plants are Profoundly Influenced by SoiL— The 
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nutrient supply varies with the kind of soil; and the supply 
determines to a large extent the character of the individual 
plant. On poor soils plants are small ; on rich soils they are 
large. The difference between poor and good yields of wheat, 
or any other crop, is largely a question of sml-fertiUty. 
The farmer reinforces his poor soils by the addition of ferti- 
lizers, in order to make his plants vary into larger or more 
productive individuals. 



380. One-eided bol[y tree iroiHiic neat tbe ocebq. New Jersey. 

373. The moisture-amtent of the soil exerts a marked 
influence on plants. We have found (157) that a large 
part of the plant-substance is water. The water is not only 
itself food for plants, but it carries nutrients into the plant 
and transports them from tissue to tissue. However rich 
a soil may be in mineral nutrients, it is inert if it contains 
no moisture. The character of the plant is often determined 
more by the moisture in the soil than by all the other soil 
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materials. Note bow rank the plante are in low places. 
Observe bow the weeds grow about the bam wbere tbe 
soil is not only rich but where moisture is distributed from 
the eaves. Contrast with these instances the puny plants 
that grow in dry places. In dry countries irrigation is 
employed to make plants grow vigorously; or the moisture 
may be stored in the soil by means of deep preparation and 
frequent surface 
tillage and other 
dry-farming meth- 
ods. In moist and 
rich soil plants 
may grow so fast 
and so tall aa not 
to be able to with- 
stand the wind, as 
in Fig. 382. 

374. Plants are 
Influenced by the 
Exposure of the 
PUce In Which 
They Grow. — The 
particular site or 
outlook is known 
as the exposure or 
aspect. The ex- 
posure, for example, ^^- *■ '™ """ "^^i^^""^ "" ™^ ^'™- 
may be southward, 

eastward, bleak, warm, cold. A favorable exposure for 
any plant is one that supplies the requisite warmth, room, 
sunlight, moisture and nutrients, and immimity from severe 
winds and other destructive agencies. Against the edge of 
a forest (Fig. 3S3) or at the base of a cliEf, certain plants 
thrive unusually well. Note the plants of any kind grow- 
ing in different exposures: observe that they vary in stature, 
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time of maturity, color of foliage and flowers, productive- 
ness, size of leaves and flowers, longevity. 

Review. — Contrast physical and organic environments. How are 
plants modified by climate? Define acclimatization. Explain how time 
of maturity is influenced by climate. Explain how climate influences 
statins. How do winds affect plants? How are plants influenced by 
soil? By soil moisture? Exposure? 

Observe two or three plants of any one kind on your way to school, 
and note how they differ from each other in size, form, branching, 
color, earliness or lateness, productiveness and other characters: are 
you able to correlate these differences with the conditions in which 
the plants grow? 



CHAPTER XXX 

COMPETITION WITH FELLOWS 

375. The Fact of Struggle for Existence. — ^We have 
seen (Chapter IX) that branches contend amongst them- 
selves for opportunity to live and grow. Similarly, separate 
plants contend with each other. We shall observe that this 
is true; and we are compelled to beUeve it by considering 
the efforts that all plants make to propagate themselves. 
The earth is filled with plants. It is chiefly when plants 
die or are killed that places are made for others. Every one 
of these plants puts forth its utmost effort to prepetuate its 
kind. It produces seeds by the score or even by the thousand. 
In some cases it propagates also by means of vegetative 
parts. If the earth is full and if every plant endeavors to 
multiply its kind, there must be struggle for existence. 

376. The effects of struggle for existence are of three 
general categories: (1) the seed or spore may find no oppor- 
tunity to grow; (2) sooner or later th£ plant may be killed; 
(3) the plant may vary, or take on new characters, in response 
to the conditions in which it grows. Consider the crop of 
seeds that any plant produces: how many germinate? 
How many of the young plants reach maturity? Note the 
profusion of seedlings imder the maples and elms, and then 
consider how few maple and elm trees there are. Count the 
seeds on any plant and imagine that each one makes a plant: 
where will all these new plants find a place in which to grow? 

377. What Struggle for Existence Is. — Struggle for 
existence with fellows is competition for room or space, 
for nutrients and moisture in the soil, for lighi. We may con- 
sider examples in each of these three categories. 
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378. If the 
earth is filled 
with plants, 
there must be 
sharp competi- 
tion for every 
inch of its sur- 
face. If any 
good soil is not 
populated with 
plants, it is usu- 
ally because it 
has recently 
been moved. If the farmer does not move or till his 
soil frequently, various plants get a foothold, and these 
plants he calls weeds. Determine how much room an apple 
tree, or other plant, occupies; then calculate how much 
space would be required for all the seedlings of that tree or 
plant. The greater the population of any area, the less chance 
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have other plants to gun a foothold. When the wheat com- 
pletely covers the ground, aa in Fig. 384, there are no weeds 
to be seen. 

379. Plants of different form and habit may grow 
together, and thereby the area may support more plants 
than would be possible if only one kind were growing on 
it. This principle has been called by Darwin the divergence 



of i^racier. When an area is occupied by one kind of 
plant, another kind may grow between or beneath. Only 
rarely do plants of close botanical relationship grow to- 
gether in compact communities. A field that is full of com 
may grow pumpkins between, {Fig. 385.) A full meadow 
may grow white clover in the bottom. Herbs may grow 
on the forest floor. When an orchard can support no more 
trees, weeds may grow beneath. 
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380. We have learned that the plant may possess an ex- 
tensive root-system (25, 26). The plant that is first estab- 
lished appropriates the nutrients to itself, and newcomers 
find difficulty in guning a foothold. Note the bare area near 



the lai^ tree in Fig. 386. Recall how difficult it is to make 
plants grow when planted under trees. This is partly due 
to the intercepting of the rain by the tree-top, partly to shade, 
and partly to lack of available food and moisture in the soil, 
and perhaps partly to unknown factors. The farmer knows 
that he cannot hope to secure good crops near large trees, 
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even beyond the point at 
which the trees intercept 
the rain and light. It is 
difficult to establish new 
trees in the vacancies in an 
old orchard. 

381. In Chapter VIII we 
studied the relation of the 
plant and its parts to sun- 
light. Plants also compete 
with each other for hght. 
Plants climb to get to the 
light (ChapterXVIII). (Fig. 

77.) Some plants have be- 390. The uii-t^e pine. 

come so modified as to 

grow in subdued or transmitted hght, but no green plants 
can grow in darkness. The low plants in forests are shade- 
lovers. (Fig. 387.) Note the plants that seem to be shade- 
lovers and those that prefer full sunlight. Some plants 
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are so constituted as to 
grow well in both sun and 
shade. Most ferns are 
shade-lovers. 

382. In the midst of 
dense plant populations, 
each individual grows up- 
wards for sunlight! Thus 
are forests made: the com- 
peting trees become long 
slender boles with a mantle 
of foliage at the top. The 
side branches do not de- 
velop or they die for lack of 
light and food, and they fall 
from decay or are broken 
by storm; the wounds are 
healed, and the bole becomes symmetrical and trim. Fig, 
388 shows the interior of a primeval pine forest. Note the 
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bare trunks and the sparse vegetation on the dim forest floor. 
Fig, 389 is the top of a great forest. With these pictures 
compare Figs. 79 and 80. Fig. 384 shows a deep wheat 
forest. A lone survivor of a primeval forest is shown in 
Fig. 390. In dense plantations, plants tend to grow to a 
single stem. When these same plants are grown in open 
or cultivated grounds, they often become bushy or develop 



more than one trunk. In what places have you seen trees 
with more than one trunk? 

383. On the marpns of dense populations, each indi- 
vidual grows outwards for sunlight. Note the dense forest 
rim: then plunge through it, and stand by the tail bare 
trunks. Figs. 391, 392, show these two views of the same 
forest. Note the kinds of trees and other plants that grow 
in areas similar to those depicted in these illustrations. 
Note the dense wall of foliage in Fig. 393, and the thin brushy 
area just behind it in Fig. 394. Observe the denser and greener 
foliage on the outside rows in thick orchards. Consider how 



395. A hydroptaytic twciely. New Yor 



A mnophytic maiety. Michigui. 

(226) 



PLANTS REACT TO LIGHT 227 

the plants extend over the borders in dense flower-beds. Note 
where the best-foUaged plants are in the greenhouse. Notice 
the fohage on the outer rows in a very thick cornfield. Ob- 
serve how plants nearest to buildings reach outward for the 
light and room. 

Review. — ^Why is there struggle for existence? How does it affect 
plants? Tell what it is. How do plants compete for space? What 
is meant by the phrase "divergence of character?" Give examples. 
How do plants compete for nutrients and water from the soil? In what 
respects have plants become modified to the light relation? How do 
plants grow in dense plantations? On the margins of these planta- 
tions? You know some tree or other plant: describe how it is concti- 
tuted to compete with its feUows. 



CHAPTER XXXI 

PLANT SOCIETIES 

384. What Plant Societies Are. — In the long course 
of evolution, in which plants have been accommodating 
themselves to the varying conditions in which they are 
obliged to grow, they have become modified to every 
different environment. Certain plants, therefore, may Uve 
together or near each other, all enjoying the same conditions 
and surroundings. These aggregations of plants adapted 
to similar conditions are known as plant societies, 

385. Moisture and temperature are the leading factors 
in determining plant societies. The great geographical 
societies or aggregations of the plant world are for con- 
venience associated chiefly with the moisture-supply. These 
are: (1) hydrophytic or wet-region societies, comprising 
aquatic and bog vegetation (Fig. 395); (2) xerophytic or 
arid-region societies, comprising desert and much sand-region 
vegetation (Fig. 371) ; (3) mesophytic or mid-region societies, 
comprising the vegetation in intermediate conditions (Fig. 
396). Mesophytic vegetation is characteristic of most regions 
that are fitted for ajgriculture. The halophytic or salt-loving 
societies are also distinguished, comprising the seashore and 
salt-area vegetation. Much of the characteristic scenery of 
any place is due to its plant societies (365). Xerophytic 
plants usually have small and hard leaves, apparently to 
prevent too rapid transpiration. Usually, also, they are 
characterized by stiff growth, hairy covering, spines, or a 
much-contracted plant-body, and often by large under- 
ground parts for the storage of water. Halophytic plants 
are often fleshy. 

(228) 
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386. Plant societies may also be distinguished with refer- 
ence to latitude and temperature. There are tropical socie- 
ties, temperate-region societies, boreal or cold-region societies. 
With reference to altitude, societies might be classified as 



3BT. A society o( wnd-dmie planto. New Jersey. 

hwland (which are chiefly hydrophytic), intermediaie (chiefly 
mesophytic), svbalpine or mid-mountain (which are chiefly 
boreal), aljnne or high-mountain, 

387. The above classifications have reference chiefly to 
great geographical floras or societies. But there are societies 
within societies. There are small societies coming within 
the experience of every person who has ever seen plants 
growii^ in natural conditions. There are roadside, fence- 
row, lawn, thicket, pasture, dune (Fig. 397), woods, chff, 
barn-yard, corn-field societies. Every different place has its 
characteiisHc vegetation. Note the smaller societies in Figs. 
395 and 396. In the former is a water-Uly society and a 
cat-tail society. In the latter there are grass and bush and 
woods societies. 
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388. Some Details of Plant Societies. — Societies may be 
composed of scattered and iDtermii^ed plants, or of dense 
dumps or groups of plants. Dense clmnps or groups are 
usually made up of one kind of plant, and they are then called 
colonies. Colonies of most plants are transient: after a short 
time other plants gain a foothold amongst them, and an 
intermingled society is the outcome. Marked exceptions to 
this are grass colonies and forest colonies, in which one kind 
of plant may hold its own for years and centuries. 



389. In a large newly cleared area, plants usually first 
establish themselves in dense colonies. Note the great patches 
of nettles, jewel-weeds, smart-weeds, clot-burs, and others in 
recently cleared but neglected swales, also the fire-weeds 
in recently burned areas, the rank weeds in the neglected 
garden, and the ragweeds and May-weeds along the recently 
worked highway. The competition amongst themselves 
and with their neighbors finally breaks up the colonies, and 
a mixed and intermingled flora is generally the result. 

390. In many parts of the world the general tendency 
of neglected areas is to run into forest. A large number of 
different plants begin growth in a cleared area. Here and 
there bushes gain a foothold. Young trees come up: in time 
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these shade the bushes and gain the mastery. Sometimes the 
area grows to poplars or birches, and people wonder why the 
original forest trees do not return; but these forest trees may 
be growing unobserved here and there in the tangle, and in 
the slow processes of time the poplars perish — for they are 
short-lived — and the original forest may be replaced. 
Whether one kind of forest or another returns will depend 
largely on the kinds that are most seedful in that vicinity 
and which therefore, have sown themselves most profusely. 
Much depends, also, on the kind of undergrowth that first 
springs up, for some young trees can endure more or less 
shade than others. Fig. 398 shows an early stage in the 
return to forest. 

391. Pasturing and mowing t«nd to keep an area in grass. 
This is because the grass will thrive when the tops are 
repeatedly taken off, whereas trees will not. Note that the 
wild herbs and bushes and trees persist along the fences and 
about old buildings, where animals and mowing machines 
do not take them off. A sod society means grazing or mowing. 
Consider Figs. 110, 399, 400. The farmer keeps his wild 
pastures "clean" by tumii^ in sheep; the sheep are fond of 
browsing. 

392. Some plants 
associate. They 
grow together. This 
is possible lai^ely be- 
cause they diverge 
or differ in character 
(379). Plants associ- 
ate in two ways: by 
growii^ side by side ; 
by growing above or 
beneath. In sparsely , 
populated societies 
(as in Fig. 401) 
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plants may grow 
along side each 
other. In most 
cases, however, 
there is overgrowth 
and undfTgrowth : 
one kind grows 
beneath another. 
Plants that endure 
shade (381) are 
usually under- 
growths. In a cat- 
tail swamp, grasses 
and other narrow- 
leaved plants grow 
in the bottom, but 
they are usually un- 
seen by the casual 
observer. Search 
the surface of the 
400. Tbe tan.« mow. part of bk roadside. ground in any swale 

or meadow. Note the undergrowth in woods or under trees. 

(Fig. 402.) Observe that in pine and spruce forests there 

is ahnost no undei^owth, 

because conditions are not 

favorable. (Fig. 388.) 
393. On the same area 

the societies may differ at 

different times of the year. 

There are spring, summer 

and fall societies. The 

knoll that is cool with 

grass and strawberries in 

June may be aglow with ^q, ^^ ^„^^,^ ^.^^^ .„ ^^^^^ ^^ 

other plants in September. ^"la of piuitB grow ekie by side. 
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If the bank is examined in May, look for the young plants 
that are to cover it in July and October; if in September, 
Snd the dead stalks of the flora of May. What succeeds 
the skunk cabbage, hepaticas, trtlliums, phlox, violets, butter- 
cups of spring? 
What precedes the 
wild sunflowers, 
ragweed, asters, 
and goldenrod in 
faU? 

394. In lands 
that gradually rise 
from wet to dry, 
the societies may 
take the form of 
belts or zones. Start- 

ilUE ftt a shore walk *^' Overcrowtli and undergrowth in thtee •«rie«, ■ 

LI -4. 4.1. ' I,- u — treee. buah«, gTMS. 

back mto the high 

land; note the changes in the flora. Three zoaes are shown 

in Fig. 403. 

395. To a large extent, the color of the landscape is 
determined by the character of the plant societies. Ever- 
green societies remain green, but the shade of green varies 
from season to season; it is bright and soft in spring, becomes 
dull in midsummer and fall, and often assumes a dull yel- 
low-green in winter. Deciduous societies vary remarkably 
in color — ^from the dull browns and grays of winter to the 
brown^reens and oUve-greens of spring, the staid greens of 
summer, and the brilliant colors of autumn. 

396. The autumn colors are due to intermingled shades 
of green, yellow and red. The coloration varies with the 
kind of plant, the special location and the season. Even 
in the same species or kind, individual plants difEer in color; 
Mid this individuality usually distinguishes the plant year 
by year. That is, an oak that is maroon-red this autumn 
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is likely to exhibit that color every year. The autumn color 
is associated with the natural maturity and death of the 
leaf, but it is most brilliant in long and open falls — largely 
because the foliage ripens more gradually and persists longer 
in such seasons. It is probable that the autumn tints are 
of no utility to the plant. 
The yellows aeem to be 
due in part to the break- 
ing down and disoi^aniza- 
tjon of the chlorophyll. 
Some of the intermediate 
shades are probably due 
to the unmasking or liber- 
ating of normal cell color- 
bodies which are covered 
with chlorophyll or ob- 
scured by it in the grow- 
ing season. The reds are 
due to chaises in the color 
of the cell-sap, or to the 
unmasking of the red by 
the disintegration of the 
chlorophyll. Autumn 
colors are not caused by 
frost. Because of the long, 
dry falls and the great 

403. Thres sociely .oue»-bOB, foreet rim. Variety of plants, the 

^°"^'~ autumnal color of the 

American landscape is phenomenal. 

397. Ecology. — The study of the relationships of plants 
and animals to each other and to seasons and environ- 
ments is known as ecology (still written (ecology in some 
dictionaries). All the discussions in Part II of this book 
are really different phases of this subject. It conadera 
the habits, habitats and modes of life of living things— 



ECOLOGY 235 

the places in which they grow, how they migrate or are 
disseminated, means of collecting food, their times and sea- 
sons of flowering, reproduction, and the Uke. 

Review. — What is a plant society? Why do plants grow in 
societies? Name societies that are determined chiefly by moisture. 
What societies are most abundant where you live? Name those de- 
termined by latitude and altitude. Name some small or local societies. 
What are colonies? Where are they most marked? Why do they 
tend finally to break up? How are societies composed when colonies 
are not present? How do forests arise on cleared areas? What effect 
have pasturing and mowing? How do plants associate? What is 
undergrowth and overgrowth? Explain how societies may differ at 
different times of the year. What are zonal or belt societies? Discuss 
autumn colors. What is ecology? 

Note. — One of the best of all subjects for school instruction in 
botany is the study of plant societies. It adds definiteness and zest 
to excursions. Let one excursion be confined to one or two societies. 
Visit one day a swamp, another day a forest, another a pasture or 
meadow, another a roadside, another a weedy field, another a cliff 
or ravine. Visit shores whenever possible. Each pupil should be 
assigned a bit of ground — say 10 or 20 feet square — ^for special study. 
He should make a list showing (1) how many kinds of plants it con- 
tains, (2) the relative abundance of each. The lists secmred in different 
regions should be compared. It does not matter if the pupil does not 
know all the plants. He may count the kinds without knowing the 
names. It is a good plan for the pupil to make a dried specimen of 
each kind for reference. The pupil should endeavor to discover why the 
plants grow as they do. Challenge every plant society. 
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VAKUTION AND ITS RESULTS 

398. The Fact of Variation. — No two plants are alike 
(16). In size, form, color, weight, vigor, productiveness, 
season or other characters, they differ. The most usual form 
of any plant is considered to be its type, that is, its repre- 
sentative form. Any marked departure from this type is a 
variation, that is, a difference. 

399. The Kinds of Variations. — Variations are of many 
degrees. The differences, in any case, may be so sUght as to 
pass unnoticed, or they may be so marked as to challenge 
even the casual observer. If a red-flowered plant were to 
produce flowers in different shades of red, the variation 
might not attract attention; but if it were to produce 
white flowers, the variation would be marked. When- 
ever the variation is so marked and so constant as to 

be worth naming and describ- 
ing, it is called a variety in 
descriptive botany. If the 
variation is of such charac- 
ter as to have value for cul- 
tivation, it is called an a^ri- 
aiUural or hortUndtural va- 
riety. There is no natural 
line of demarcation between 
those variations that chance 
to be nanted and described 
as varieties and those that do 
404 An wborviMo tree from whicb eeeds °*'*' Varieties are Only named 

were ttluD ona day, variations. 

(236) 
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400. Variations may arise in three ways: (1) directly 
JTom seeds; (2) directly from buds; (3) by a slow change 
or a lack of development in the entire plant after it has b^un 
to grow. 

401. Variations arising from seeds are seedrvarialions; 
those that chance to be named and described are seed- 
varieties. Never does a seed exactly reproduce its parent; 
if it did, there would be two plants alike. Neither do any 
two seeds, even from the same fruit, ever produce plants 
exactly alike. Even though the seedlings resemble each 
other so closely that people say they are the same, never- 



theless they will be found to vary in size, number of leaves, 
shape, or other features. Study Figs. 404 and 405. 

402. Variations arising directly from buds, rather than 
from seeds, are bud-variations, and the most marked of 
them may be described and named as bud-varieties. We 
have learned in Chapter V how the horticulturist propagates 
plants by means of buds: not one of these buds will repro- 
duce exactly the plant from which it was taken. We have 
already discovered (17, 119) that no two branches are alike, 
and every branch springs from a bud. Bud-variation is 
usually less marked than seed-variation, however; yet now 
and then one branch on a plant may be so unlike every other 
branch that the' horticulturist selects buds from it and 
endeavors to propagate it. "Weeping" or pendent branches 
sometimes appear on upright trees; nectarines sometimes 
are borne on one or more branches of a peach tree, and 
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peaches may be borne on nectarine trees; nisBet apples 
are sometimes boroe on Greening apple trees; white roses 
are sometimes found on red-3owered plants. 

403. Frequently a plant begins a new kind of varia- 
tion long after germination, even after it has become well 

established. It is on 
this fact that success- 
ful agriculture de- 
pends, for the farmer 
makes his plants 
better by giving them 
better nutrition and 
care: and betterment 
(like deterioration) is 
only a variation as 
compared with the 
averse plant. Plants 
that start to all 
appearances equal 

VX. VuiaUoD.— Bii and little redraat [Hcweeda may end Unequal : 

of the evne lEiud. i_ ^ n j 

some may be tall and 
vigorous, others may be weak, others may be dwarf: some 
will be worth harvesting and some will not. 

404. The Causes of Variations. — Variations are induced 
by several, and perhaps many, causes. One class of origin 
lies in the environmeTit, and another lies in the tendencies 
derived from parents. Of the environmental causes of vari- 
ation, the chief is probably food-supply. Good agriculture 
consists largely in increasing the food-supply for plants — ^by 
giving each plant abundant room, keeping out competing 
plants, tilling the soil, adding fertilizers, (Fig. 406.) Another 
strong environmental factor is climate {Chapter XXIX). 
It is very difficult to determine the exact reasons for any 
variation. There is much difference of opinion respecting 
the causes of variation in general. The extent of variation 



THE CASE OF THE PIGWEEDS 239 

apparently due to food-eupply b illustrated in Fig. 406. The 
two weeds grew five feet apart, one in hard Boil by a walk, 
the other near a compost pile. They were of similar age. 
One weighed ^ oz. ; the other 4} lbs., or 136 times as much. 

405. Heiedi^. — Marked variations tend to be perpet- 
uated. That is, immediate offspring are likely to ret^ 
some of the peculiarities of their parents. This pasdng over 
of characteristics from parent to offspring is heredity. 
By "selecting the best" for seed the farmer maintains and 
improves his crops. It is said that "hke produces like." 
This is true of the general or average features, but we have 
seen that the reproduction is not exact. It is truer to say that 
similar produces similar. Fig. 407 represents a marked 



case of heredity of special characters. The plants on the 
right grew from a parent 24 in. high and 30 in. broad. Those 
on the left grew from one 12 in. high and 9 in. broad. (For 
a history of these parents see "Survival of the Unlike," 
p. 261.) 

406. Selection. — There is intense struggle for existence: 
there is universal variation: those variations or kinds hve 
that are best fitted to live under the particular conditions. 
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This persistence of the best-fitted and loss of the least- 
fitted is the process designated by Darwin's phrase "natural 
selection*' and by Spencer's ^'survival of the fittest." Natural 
selection is also known as Darwinism. 

407. By a similar process, the cultivator modifies his 
plants. He chooses the variations that please him, and from 
their offspring constantly selects for seed-bearing those 
that he considers to be the best. In time he has a new 
variety. Plant-breeding consists chiefly of two factors 
or processes; producing a variation in the desked direction; 
selecting, until the desired variety is secured. 

408. Evolution. — ^Variation, heredity, natural selection 
and other agencies bring about a gradual change in the 
plant kingdom; this change is evolution. The hypothesis 
that one form may give rise to another is now universally 
accepted amongst investigators; but whether the vegetable 
kingdom has all arisen from one starting point is unknown. 
Only a few of the general fines of the unfolding of the vege- 
table kingdom, with numberless details here and there, have 
been worked out. Not every form or kind of plant can be 
expected ever to vary into another kind. Some kinds have 
nearly run their course, and are undergoing the age-long 
process of extinction. It is thought, however, that every 
kind of plant now living has been derived from some other 
kind. Evolution is still in progress. Variation and heredity 
are two of the most important facts in organic nature. 

Review. — ^What is a variation? A variety? Agricultural vari- 
ety? How many variations arise? Explain each of the three categories. 
What are some of the apparent causes of variation? What is heredity? 
Selection? What are essentials in plant-breeding? What is evolution? 
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WEEDS 

409. Plants compete with each other. It happens that 
some of the competitors are specially useful to man, and 
be endeavors to protect them; and in protectii^ them he 
destroys the plants that tend to crowd them out. Certain 
plants have the habit of occupying places that are desired 
for other uses. A weed is a plant tfuU is not warUed. 

410. Weeds, therefore, are of two general classes: those 
that interfere with plants that Jnan cultivates; those that 
inhabit unoccupied and waste places. Cer- 
tain kinds of plants are specially adapted 

to hold their own in such competition or to 
invade open places; and these plants are 
particularly known as weeds. Butanyplant 
may be a weed, if it is out of place or is 
not wanted, June-grass is a weed in a corn- 
field, but not in a pasture or lawn. Dan- 
delion and purslane are commonly regarded 
as real weeds, yet they are sometimes culti- 
vated for "greens," and they then become 
a crop. When any crop is too thick, the 
weaker and useless plants interfere with the 
others and become weeds. Thus some of 
the com plants may be weeds in a cornfield. 
If one were growing a forest of maples, 
other trees might be weed trees. 

411. The plants commonly known as 

weeds have the power to distribute them- ««. CaminoD white 
selves and to persist, otherwise they ^,^jb™!°"" 
p C24l> 
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would not be successful competitors or vagrants. Usually 

they are (1) suited to a wide range of cojiditiojis; (2) strongly 
tenacious of life; (3) have effective means of dissemtTtaiion; 
(4) and they often have a life-cycle similar to that of some 
Cidtivated plant, and they therefore take the fortunes of that 
plant. As examples of these categories, we may recall the 
wide rai^e of such plants as pigweeds (Fig. 408) and docks; 
the tenacity and endurance of Canada thistles (Fig. 409) 
and quack-grass {Fig. 27); the way in which the burdock 
spreads its seeds; 
the fact that cockle 
(Kg. 181) ripens 
with the wheat, and 
the seeds pass 
through the separa- 
tor with the grain. 



411. Bedroot idcweed. 
408. Canada lhi.Ue. 4ia Wild oarrot. — AmaraEtua. 

412. Certain kinds of weeds follow certain crops or 
certain systems of farming. Dandelion (Figs, 8, 302), wild 
carrot (Figs. 194, 410) and whiteweed or d^y (Fig. 189) 
are essentially weeds of grass lands; purslane, pigweed, 
chickweed, rwlroot (Figs. 406, 407, 411), shepherd's purse, 
are pests of gardens and tilled grounds; cockle, cheas (Fig. 
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412), kii^head (an ambrosia), mustard or charlock (Fig, 413) 

are weeds of grain crops; dock, plantain, hound's-tongue, 

burdock and catnip (Fig. 414) are weeds of back yards and 

by-ways; sorrel, muUi ' 

rose (Figs. 276, 415) i 

fields; ragweed (Fig 

(417), stick-tight (F 

lettuce (F%. 86), si 

184) and Russian thi 

suited to roadsides a; 




412. Cbeaa or chest. places. 



413. Some weeds come and go year by year; these are 
mostly weeds of tilled and raw ground, and usually annuals, 
as pigweeds of several kinds, pepper-grass, purslane, rag- 
weed, pigeon-grass, jimson weed (Fig, 275). Such weeds are 
avoided by the use o/ dean seed, preventing the weeds from 
ripening seeds, and taking care not to spread them in manure. 

414. Some weeds have a two-year cycle, making a tuft 
or getting a foothold one year and ripening seed the follow- 
'\a% year. These are biennials, as mullein, burdock, bull 
thistle (Fig. 254), evening primrose, wild carrot, creepii^ 
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mallow or "cheeaes" (Figs. 153, 149), teasel. These weeds 
may be mown when coming into bloom, or the plant may be 
spudded or cut off below the crown in fall, 
and care should be taken not to spread the 
seeds. 

415. Some weeds persist for a longer 
period, sometimes for many years. These 
are perennials, as docks and daisy. Many 
of them propagate by underground parts as 
well as by seeds, such as quack-grass, toad- 
flax (Fig. 227), Canada thistle, Johnson- 
grass, Qut^grass or coco-grass, bindweed, 
hawkweed or paint-brush. In lawns and 
gardens, the roots may be dug ovi, or the 
plant cut helow the QTcnind with a spud; small 
patches or clumps may be smothered otU by 
covering deeply with leaves or straw, or 
sometimes crowded out by securing a dense 416. Evening prim- 
sod on the area. Thorough and dean cuUiva^ "** " '""■" 

Hon will destroy most 
kinds, but care should be 
taken not to carry the 
rootstocks to fresh ground 
on the plow or cultivator. 
Meadow and pasture seeds 
are Uable to be carried with 
grass seed and with grain. 
416. The best treat- 
ment for weeds is to pre- 
vent or change the condi- 
tions under ivhich they 
Uirwe. A good rotation of 
crops, cleaning up of waste 
places and putting them 

416. Rweed.— Ambromu "ito CTOpS Or BOd OF tim- 



*17. Mqrveed.— 




418. SUdc-ticht.— I 



419. Pkhodoua mtuhroom. 
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ber, clean tillage, are essential to a clean, weedless farm. To 
these efforts should be added care to secure clean seed, and 
manure that is not weed-in- 
fested; and the farmer or gar- 
dener should be alert to recog- 
nize new weeds as soon as they 
invade the neighborhood and 
be prepared to meet them. 

417. On lawns, weeds may 
be lessened by the use of the 
cleanest grass seed, and of chem- 
ical fertilizers or only well- 
rotted or other dean manure. 

The grass seed should be sown "*■ ^-^i^-^^Ton^.d^uii^ 
very thick (3 to 5 bus. of blue grass to the acre) both to 
secure a soft dense lawn and to crowd out weeds. Frequent 
mowing will destroy most an- 
nual weeds, and these weeds 
are usually most troublesome 
when the lawn is newly made. 
Dandelions and other peren- 
nials may be taken out with a 
spud or long, strong knife. In 
badly infested places, the area 
may need to be dug over, and a 
new seeding made with clean 
seed and chemical fertilizer. 

418. Some weeds may be 

killed by poisons or herfnddea. 

Sulfuric acid is sometimes 

422. Pouon .u^o. poisoD elder, a Po^^ed on the cTOwns of plants 

biuh of >wwniM and low plows, in lawi^. Salt is often used to 

— ahiu veneuU or R. Vemii. , .,, , , , 

kili grass and weeds m gutters 
and walks; carbolic acid and arsenical poisons are some- 
times used for the same purpose. Recipes are to be found 
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in books and government publications, and periodicals. 
Sprays of copper sulfate or iron sulfate are sometimes used 
for mustard and other field 
weeds. A 3 per cent solution 
, of copper sulfate (about 10 lb. 

* to 40 gal. water) at tlie rate of 
40 to 50 gallons an acre de- 
stroys wild mustard without 
injuring peas or cereals with 
which the weed may be grow- 
ing. There are special herbi- 
ddes about which information 
can be secured from the ex- 
periment stations. These her- 
bicides are poisonous, and 
must be used with caution and 
only by those who are reliable and who understand them. 

419. Poisonous Plants. — Many plants produce ill effects 
on live stock and human beings 
when eaten; amd some are in- 
jurious to the touch. Some 
plants produce such marked 
results, leadii^ even to death, 
that they are known as poison- 
ous plants. Some of the mush- 
rooms are examples, two of which ' 
are shown in the illustrations 
(Figs. 419, 420), (wild mush- 
rooms should never be eaten ex- 1 
cept on the advice of someone 
who knows the different species). 
Many plants of the parsley 
family (Umbelliferge) are poison- 
ous; the i)oison hemlock and the water hemlock or mus- 
quafih-root are deadly when eaten. The poison ivy is shown 



[. Solaniun Dulauuan. 
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in Fig. 421, poison sumac in Fig. 422, and poison oak of the 
Pacific coast in Fig. 423; these are poisonous to the touch. 

The handsome red berries of the bittersweet 
(Solanum Dulcamara, Fig. 424) are poisonous 
if eaten; and it has poisonous relatives. 

Review. — ^Explain your understanding of a weed, 
agnmer. ^^^ ^^^y. ^^ classify weeds? What are the com- 
monest kinds of weeds in your locality? What enables a plant to be an 
habitual weed? Name some of the weed groups or associations. Name 
the ways in which weeds may be controlled or eradicated on farms. On 
lawns. What would you reconunend to be done with weedy roadsides? 
Are there laws in your state for the control of weeds? Are there 
village or city ordinances on the subject where you live? What is 
an herbicide? Name the poisonous plants that you know, or of which 
you have heard. 

Note. — ^Every class studying plants should learn the usual weeds 
of the neighborhood, and should make herbariimi specimens of them. 
Discussions should be had of the weeds infesting the local crops, and 
the reasons for them. The school should have a collection of weed 
Aeeds in bottles, and it should study conmiercial samples of grain and 
grass seeds. The U. S. Department of Agriculture and perhaps the 
State Experiment Station may have bulletins to aid in such examina- 
tion. If the school is to indentify weed seeds in such samples, it should 
also have a collection in bottles of the leading grains, grass seeds and 
field seeds. A small lens or. magnifier is needed for this examination, as 
shown in Fig. 425, or in Figs. 214, 216. 

Many plants are poisonous to a greater or less degree. No one should 
eat of any plant or fruit or root that he does not know to be safe. 
Some plant famib'es are known for poisonous qualities: as Solanaceae, of 
which the common black nightshade (Solanimi nigrum) and others are 
examples; Umbelliferae, with the hemlock herbs, water parsnip, and 
others; Ranunculacese, with the aconites or monkshoods; and other 
families. Fatalities are frequently reported from eating the thick roots 
of certain UmbellifersB. There are useful government publications on 
poisonous plants. 
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CROPS 

420. Planta that are grown by man for his uses constitute 
a crop. The term is commonly used for the product of a 
field, but is just as applicable to the product of .a planted or 
managed forest or of a garden or a greenhouse. Thus we may 
speak of a crop of wheat, of rye, of hemp, of pine timber, of 
celery, of roses 
or violets, of 



421. Crops 

may be distin- 
guished into four 
groups; (1) those 
grown for human 
food or medicine 
or condiments, 
as rice, potatoes, 
strawberries; (2) 
those grown to 
provide jnaterials 
for shelter and 
dothing, and for 
use in the manur 
faduring arts, aa 

timber cotton *^ Twocropaitrowinglogsther — osts mid peu f or f oncB. 

flax, rubber; (3) those grown to satisfy the artistic impulses, 
as roses ; (4) those grown for food of domestic animals, as grass 
and clover. Another division, and one followed in a general 
way in colleges of agriculture, is into field crops and horti- 

(249) 
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cultural crops; and the horticultural crops include fruit crops 
(pomology), vegetable-gardening crops (vegetable^ardening 
or olericulture), flower- and ornament-crops (floriculture). 

422. We may group crops also as follows into more par- 
ticular division^: forage and fodder crops; cereal grains; 
root-crops; fiber-crops; sugar plants; oil plants; dye-stuff 

plants; bever- 
age-producing 
plants; stimu- 
lants; aromatic 
and medicinal 
plants; perfum- 
ery plants; fruit 
crops; vegetable- 
garden crops; 
timber crops; 
manuring crops. 
Some crops fall 
under more than 
one division, de- 
pending on the 
purposes for 
which they are 
grown, as oats, 

427. A crop of Indian Corn. , . 

beets, peas, sor- 
ghum, maize or Indian com, flax: expl^ why. Sometimes 
two plants are grown together purposely, as shown in Fig. 
426, and also in Fig. 427. 

423. Many of the crops may be assembled, on the basis 
of their botanical a;ffinities, into the families to which they 
belong: Grass-family crops, all cereal grains as well as the 
meadow and pasture grasses, as wheat (Fig. 384), rye, barley, 
oats (Fig. 382), rice, maize (Fig. 427), sorghum (Fig. 20), kafir, 
broom-com (Fig. 429), millets of several kinds, sugar-cane 
(Fig. 428); leguminous or pulse crops, beans and peas of all 
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kinds, cowpea, peanut or goober, alfalfa, clovers, sweet 
clover, lespedeza, vetch; cniciferoua or mustard-family crops, 
mustard, cabbage, kale, rape, turnip, rutabaga, kohlrabi; rose- 
family crops, rose, apple, pear, plum, peach, almond, apricot, 
cherry, quince, strawberry, blackberry, raspberry medlar, 
loquat; cucurbitous 
crops, pumpkin, 
squash, melon, water- 
melon, cucumber, 
gherkin, gourds; 
solanaceous crops, 
potato, tomato, to- 
bacco. Some of the 
important crops be- 
long to families that 
do not yield other 
leading cultivated 
species, as buck- 
wheat to the knot- 
weed family, cotton 
to the mallow family, 
flax to the flax family, 
hemp and hops to 
the nettle family, 
sugar-beet and other 
beets to the goose- 
foot family. 

424. How to Study a Crop. — Every botany class should 
know the leading crops of its vicinity and region, including 
the grasses, the grwns, the most important fruits and vege- 
tables, and any special crops that may be grown in the locality. 
This knowledge may be derived from the experience of the 
members of the class, from inquiries made of farmers and 
from census figures. Having learned the kinds of crops and 
their relative importance in the region, the class should 
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try to determine why they are important there, and should 
then gather information as to their importance in other 
regions and where they are grown with the greatest success. 
Then may follow such details as the rotation or farm-plan 
in which these crops find a place, the times and methods of 
sowing, the fertihzers used, the methods of tilling, harvest- 
ing and marketing; and then inquire as to any special 
difficulties in the way of insects or plant diseases. The cost 



of growing the crop, the usual prices and the yields should 
always be determined as nearly as possible. 

425. How to Study a Crop Plant.^ — We have been directed 
in this book to some of the important tilings to look for in a 
plant, from root to fruit; and our attention has been called 
to some of the relations of plants when they hve together. 
These observations may be made on cultivated plants 
with as much interest as on wild plants. The cultivator of 
plants should develop the habit of careful observation on 
individual plants that he cultivates; this observation should 
lud him in discovering the reasons for failure or success in 
the growing of plants. The student should go directly to the 
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plant. Examine the plant where it stands, — ^height, spread, 
color, mode of branching and any special peculiarities: make 



a sketch. Collect the plant, root and all, — character of root 
as to depth and spread, mode of branching, nodules (if a 
legume), and other features: make sketch. The specimen 
may now be taken to the schoolroom or other laboratory, 
and studied as to direction and size of stem, features of 
nodes, character of bark or rind, position of branches and 
leaves wid flowers, characters of leaves and flowers and fruits, 
how pollinated, yield, whether it bears any evidence of dis- 
ease or insect injury or lack of normal vigor, whether it 
has suffered in contest with its fellows or with other plants: 
make notes and sketches. 

426. Plants or plant products are sometimes judged by 
comparing them 
with an assumed 
or ideal standard 
of perfection. 
These standards 
may be printed in 
form for ready 
use, and they are 

then known as 431. a <^™p of nutKty Ueas. y«ir-old peach trees. 
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score-cards. A few useful score-cards of common cultivated 
plants are as follows: 



Plum. Points 

Form 10 

Size 25 

Color 15 

Unifonnity of fruits 25 

Freedom from blemish 25 



100 



Apple. 

Size 10 

Color 20 

Grood shape or form 10 

Uniformity 15 

Freedom from blemish 20 

Texture and flavor 25 



100 



Sweet Pea. 

Length of stem 25 

Color 20 

Size 25 

Substance 15 

Number of flowers on stem . 15 



100 



Wheat (grain). 

Trueness to variety 10 

Uniformity in size and shape 

of kernel 10 

Color of grain 10 

Freedom from mixture 15 

Size of kernel 10 

Percentage and nature of im- 
purities (weed seed, dirt) . 15 
Percentage of damaged, 
smutty or musty kernels . 5 

Weight of grain per bus 10 

Germination test 15 



Potato. Points 

Uniformity of sample 20 

Synmietry of tubers ; . . 15 

Trueness to type 20 

Freedom from disease and 

insects 15 

Conmiercial value 30 

100 
Com. 

Adaptability to purpose 25 

Seed condition, as to whether 

fresh, well kept, etc 15 

Shape of kernel 15 

Uniformity and trueness to 

type 15 

Weight of ear 10 

Length and proportion of 

ear 10 

Color of grain and cob 5 

Butts and tips covered 5 

100 

Determine in advance what 

weight and proportion of ear is to 

be assimied for the variety under 

examination. 

Carnation. 

Color 25 

Size 20 

Calyx 5 

Stem 20 

Substance or texture of 

flower 10 

Fomj 15 

Fragrance 5 



100 



100 
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The "points" in the score-card represent the mark of 
perfection: if the size of the carnation flower is normal for 
the variety under examination, the particular specimen will 
be marked 20; if it should receive a rating of only 75 per 
cent perfect, it receives 15 points. In any large bunch of 
carnations, one plant may be taken to represent perfection 
in one feature and another plant for another feature; or, 
better, if an expert carnation-grower is available he may set 
the ideal of perfection. The pupil may make up his own 
ideal as to what the perfect plant or product should be. 

427. The Vegetation Environment. — ^The botany class 
should take part in a harvest festival, in which the plant 
products of the community are exhibited, together with the 
wild plants in the form of leaves, flowers, nuts and other 
interesting parts. Members of the class should explain 
what the products and the plants mean. 

428. The class should also know the most important 
vegetation of the vicinity, and should arrange excursions for 
the school or classroom to close-by places in order to ex- 
plain the vegetation setting of the school; and if possible a 
crop excursimi for the entire school should be undertaken. 

Review. — What is a crop? Name the six most important crops 
of your neighborhood. How may crops be classified or grouped? Give 
two examples in each group. What natural families contribute very 
important crops in temperate regions? Outline a study blank for the 
general study of the most important crop in the locality. Make a 
similar outUne for a study of the plant itself. What is a score-card 
and how it is used? What may an exhibition teach? An excuision? 

Note. — ^Various texts and bulletins now set forth the standards 
of perfection in many of the leading crop products, and give the student 
definite statements of what is considered to be the product that should 
score 100. 



CHAPTER XXXV 

THE FOREST 

429. An area of trees growing close together and having 
its own features and its own life is a forest. An avenue of 
trees, or a grove of shade trees, is not a forest. The science 
and the practice of growing and utiHzing forests is forestry. 
A forest is a great plant society. 

430. Forest trees constitvte a crop. The chief product 
is imber; other products are stove-wood, bark, resin, tur- 
pentine, rubber, 
paper pulp. The 
crop is regularly 
harvested, in 
some cases by 
removing the 
entire forest and 
planting anew, 
but often, in 
planted and 
managed forests, 
by removing 

432.A,U»dofyou.«ti,«berin>.«dofthinning. ^^ ^^^^ ^^ 

ripe trees and allowing the forest to continue. 

431. The value of the forest crop depends on the kinds 
of trees, how they are mixed or associated in the forest, and 
the distance at which they stand apart, as well as on location 
and soil and climate, freedom from insects and timber dis- 
eases, and other factors. A natural forest may not be the 
most productive forest, any more than a natural or wild 
meadow may be a perfect meadow. There are likely to be 

(266) 
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Open and poor spots, and many of the trees may be weed 
trees of no value in themselves and interfering with the 
growth of useful trees. Some natural forests (as that shown 
in Fig. 388) present a uniform and continuous stand of 
timber of one kind; others (as in Fig. 3S7) are mixed forests. 
Both kinds may be useful and desirable. 

432. Trees standing alone or on the edge of a forest do not 
produce good timber because they branch too low and are 
likely to be too much exposed to wind. They produce 
short and knotty logs. (Fig. 400.) It is essential that the 
forest be thickly 

and continu- 
ously planted. 

433. Forests 
may be planted 
anew; or nat- 
ural forests may 
be perpetuated 
by removal of 
ripe and unde- 
sirable trees and 
the in-planting 
or saving of 

, °_, 133. A stud of youDK timbec iJMr moderate IhuuuDB. 

other trees. Ihe 

planting and rearing of trees in forests is silviculture. The 
planting and rearing of trees in general is arboricuUuTe, 
and this may have no direct relation to forestry, because the 
planting may be of lawn trees, park trees, roadside trees or 
fruit trees. Silviculture is one part of forestry; other parts 
or divisions are forest management, harvesting, marketing, 
timber technology. The safeguarding and utilization of the 
forests, both on public and private lands, is one of the great 
public questions, and demands the attention of persons of 
special training and skill. 

434. Forestry is an important farming question, for the 
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forest crop may be as important as other crops on the farm. 
Iq hilly regions, practically all farms have forests, yielding 
timber, posta, firewood and other supplies, and protect- 
ing lands from washing, affording windbreaks, and providing 
good use for lands that cannot be profitably devoted to 
other crops. 
There are many 
planted wood- 
lots in the West. 
The manage- 
ment of these 
small forests is 
called farm for- 
eatry. Every 
good general 
farmer should 
be skillful in 
the growing of 
forest crops as 
in the growing 
of griun crops 
or fruit crops. 
The principles 
of good plant- 
growing may be 
applied to the 
forest, the trees 

being planted, *^ *''"°""^ '""^ la»d.-unfld.pUible to other u^ 

cared for, the forest thinned if too thick (Figs. 432, 433) 
or filled if too thin, fire kept out, and the trees properly 
harvested. 

435. What small forests contribute to the farm, the lai^r 
public forests contribute to the nation or to all the people: 
profitable utilization of remote, rocky and less fertile areas; the 
holding back of the rainfati so that floods and serious e 
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are prevented and the flow of navigable streams regulated; 

protection of wild life; temperii^ of physical conditiona 

by regulation 

of water -flow in 

streams and lakes 

and elsewhere 

and by checking 

the sweep of 

winds; providing 

an attractive 

cover for large 

areas of the sur- 
face of the earth, 

in which the 

people may find 

recreation an d ^35. ^i^^^ ,„^, j„j__^ ^^ „^p. 

help. Areas that 

can be utilized for no other crop than forest are said to be 

abaoluie finest land (Figs. 434, 435); and much land that is 

available to some extent for pasture or other croppage 

may still be most profitable in forests. (Fig. 436.) Very 
special forests 
(Fig. 437} may 
be grown on 
arable lands. 
In the general 
scheme or plan 
of a farm, a 
forest or wood- 
lot may be an 
essential part; 
and Ukewise,in 
a national 
domain large 

43s.Ludiii*tiiu7iisiin)fltBbiyuBdEorfoceBtrypun)<Mu. forest areas are 
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essential. Even with the greater use of cement, the demand 
for timber will increase. 

Review. — What is a forest? Forestry? In what sense is a forest 
a crop? On what general facto'ts does the value of a forest crop depend? 
Name some of the forest products. How may man produce a more 
profitable forest than nature often does? What do you say about the 
timber value of trees standii^ alone? What is aboriculture? Silvi- 
culture? Farm forestry? What are some of the large values or benefits 
of forests? What is the nature of the forests in your neighborhood? 
What kinds of trees dominate them? 



PART III 

HISTOLOGY, OB THE MINUTE 

STRUCTURE OF PLANTS 



CHAPTER XXXVI 

THE CELL 

436. Plants Composed of Cells. — ^All the higher plants 
are made up of a large number of small structures termed 
cells. They are so minute that, in most cases, they are 
invisible to the naked eye. These cells are box-Uke structures. 
They are of many forms. Many of the lower forms of plants, 
as bacteria, yeasts, spores of fungi, and many of the algae, 
are composed of but a single cell. 

437. Cells are of Many Forms. — ^In general, plant cells 
may be assigned to some one of the following forms: 

Spherical, as in protococcus (a minute alga to be found 
on damp walls and rocks), and apple flesh; 

polyhedral, or many-sided, as in pith of elder; 

tabular, or flat, as in epidermis of leaves; 

cylindrical, as in vaucheria, spirogyra (fresh water algse) ; 

fibrous, as cotton fibers; 

vascular, as the ducts of wood; 

stellate, as in the interior of leaves of lathyrus (sweet 
pea) and other plants. 

438. Parts of a Cell. — ^The typical cell is composed of 
living and dead matter. The Uving matter of the cell is the 
protopUism. The protoplasm is differentiated into a nucleus^ 
cytoplasm and plastids, 

439. The nucleus is usually a round or elUptical body, 
denser than the remainder of the protoplasm ^in which it may 
be imbedded or from which it may be suspended by strands 
of protoplasm called cytopla^sm. The cytoplasm Unes the wall 
of every living cell, and commonly in old cells the nucleus 
is in this layer of cytoplasm. In the cell may be aggregates 

(263) 
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seen in the cells of many water plants, as elodea (Fig. 439), 
chara, and nitella. 

443. Besides these and other movements of protoplasm 
within the cell*wall, there are also movements of naked 
protoplasm, of two main types: (1) Amoeboid or creeping 
movements, such as may be seen in a Plasmodium of myxomy- 
cetes, or in an amoeba. (2) Swimming by means of cilia or 
flagella, illustrated in the swarm-spores of water fungi, and 
of some algse. By the latter type of movement the unicellular 
bodies (swarm-spores) are often moved very rapidly. To 
see movement in protoplasm, carefully mount in water a 
few hairs from the stamens of tradescantia (spider-wort). 
The water should not be too cold. Examine with a power 
high enough to see the granules of protoplasm. Make a 
sketch of several cells and their contents. It may be neces- 
sary to make several trials before success is attained in 
this experiment. If the microscope is cold, heat the stage 
gently with an alcohol lamp, or by other means; or warm 
the room. See Fig. 438. 

444. Nature of Cell-wall. — ^The cell-wall of very young 
cells is a deUcate film or membrane. As a cell grows in 
size the wall remains thin and does not begin to thicken 
until the cell has ceased to enlarge. The fundamental sub- 
stance of cell-walls is a carbohydrate known as cellulose. 

The cellulose usually stains blue with 
hematoxylin. Often by incrustations or de- 
posits of one kind or another, the cellulose 
reaction is lost or obsciu'ed. Two of the 
most common additions are lignin, forming 
440. Bordered pita in wood, and subcrin, forming cork. The walls 
pine wood. ^j^^^^ ^^ ^^^ ^ l^^ lignified or suberized. 

445. In all the cells studied in the above experimeiits, 
the walls are thin and soft. In general, those cells that 
have thin walls are called parenchym^aUms cells. Some 
cells, as those of nuts and the grit of pear fruit, have very 
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thick walls, and are called scler^ichymaious cells. In many 
cases the cell-walls are intennediate between these extremes. 
446. Cell-walls often thicken by additions to their 
inner surface. This increase in thickness seldom takes 
place uniformly in all parts. Many times the wall remains 
thin at certain places, while the most of the wall becomes 
very thick. Again the walls may thicken 
very much in angles or along certain 
lines, while most of the wall remains J ^ 

thin. As a result of this uneven thicken- 
ing, the walls of cells take on certain 
definite markings. Some of the names 
applied to these markings are: *4i. Markimaineeii. 

Pitted, with little holes or depres- muiw;' k1 ™'iari- 
sions, forming very thin places, as '""^ 

seen in seeds of sunflower, and in the large vessels in 
the stem of the cucumber. 
Bordered pits, when the pits are inclosed in the cell-wall, 

as in wood of pines and other conifers. (Fig. 440.) 
Spiral, with the thickenii^ in a spiral band, as in the 
primary wood of most woody plants and in the veins of 
leaves. (Fig. 441.) 
Annidar, with thickening in the form of rings; seen 
in the smalt vessels 
y . ! of the bundles in 

P I I stem of Indian com. 

i I ' (Fig. 441.) 

I T i Scalariform, with 

\ / I elongated thin 

places in the wall, 
alternating with the 
thick ridges which 
appear like the rounds of a ladder. (Fig. 441.) These 
are well shown in a lon^tudinal section of the root of 
the brake fern (Pteris). 



442. Foui steps i 
oeU n lefc, t> 



(dvuioed iD division; daughter 
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447. While a true cell must have cytoplasm and a nucleus, 
the word cell is applied to the unit structures that make up 
the plant body. Many of these cells are dead. The wood of 
trees consists largely of dead wood. The pith of stems also 
may conMst largely of dead cells. The cells of bark are largely 
dead cells. 

448. Multiplicatioa of Cells. — Every cell owes its ori^ 
to some previous cell, and all go back eventually to the germ- 



(a): prophmsBB of Ducleu dlvinOD. Bpuein <b) and EhranuMoine (<) sueeil bipolar 
qnudle (d); early («| and lat« (/) uiaphHaeA^ t«]opliaaea ig} and GnA eTidvoce 
ofc«a-plal«i tocation of cell-nsU olearlr defined (h). (After Cuttis.) 

cells. The method whereby cells are produced is complex. 
The process is at first internal, and consists in the formation 
of definite a^regates of protoplasm derived from the nucleus, 
called chromosomes. In the course of the formation of these 
chromosomes, intricate changes occur in the cell nucleus 
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r 

and cytoplasm. In the division of the cell, equal numbers 
of these chromosomes are found at its equator. Half of these 
chromosomes then go to the opposite poles of the cell and 
unite again to form at each pole a nucleus. A cell-wall is 
then laid down at the equator, and we have two cells in the 
place of one. Enlargement and further changes may go on 
in these two cells. The method of cell division by this complex 
means is known as mitosis or karyokinesis. It is exceedingly 
complex and too difficult for the beginner to follow or. to 
comprehend. Some of the stages are given in Fig. 442. A 
more detailed representation of these changes is shown in 
Fig. 443. 

Review. — Of what is the plant composed? What is the general 
nature of cells? Forms of cells? What part of the cell is dead matter? 
Living matter? Compare different cells studied. State your conception 
of protoplasm. State the divisions in the protoplasm. Name two kinds 
of movement of protoplasm. What is the nature of the cell-wall? Its 
modifications? How do cells multiply? 



CHAPTER XXXVII 

CONTENTS AND PRODUCTS OF CELLS 

449. The Living Cell is a Laboratory. — In nearly all 
cells are found one or more non-protoplasmic substances 
produced by the plant. Some of these are very useful to 
the plant, and others seem to be waste or by-products. There 
is considerable division of labor among the cells of higher 
plants, one cell or group of cells producing one product, and 
another group of cells producing another product and func- 
tioning in a different way. We know that there is also 
division of labor among the different organs of a plant. 

450. Chlorophyll. — Cells may contain chlorophyll bodies 
if they are exposed to the sunlight. Chlorophyll is a green 
substance infiltrated in a protoplasmic ground-mass. It 
impaHs color to all the green parts of the plant. Its pres- 
ence is absolutely necessary in all plants that secure their 
nourishment wholly or in part from the air and from mineral 
matter of soil. Review Chapter XIV. Most parasites and 
saprophytes do not bear chlorophyll, but live on organic 
matter (Chapter XV). The oval bodies in the cell of Figs. 
468, 470, 471, are chloroplasts. 

451. The Cell Contents. — The products formed in plants 
are of varied character and exceedingly large in number. 
Of the more common and most abundant products are the 
following: 

Grape (glucose or dextrose, with the chem- 
ical formula C6H12O6). 
Sugars \ Fruit (fructose or levulose C6Hi206). 

Cane (saccharose C12H22O11), 
Malt (Maltose C12H22O11), 
(270) 
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Amyloses 
CeHioOs 



starchy found in most plants. 
dextrin in various seeds. 
cellulose in date seed. 
inulin in dahlia tubers. 

Fats and oils, as in flax seed, castor bean, cotton seed, 
com and other seeds. 

Muscus and rmLcilage, as in orchid roots, onions, quince 
seed, and other plants. 

Tannins, as in oak and hemlock bark, persimmon, and, 
in general, in all plants that are astringent to the taste. 

Glucosides. Complex products which on digestion yield 
glucose sugar as one of the products. Amygdalin of 
almond and peach nut, and indican of the indigo plant, 
which yields the indigo dye, are examples. 

452. Some of the cell contents are alkaloids, complex nitro- 
genous products, of which the following may be mentioned: 

atropin, in belladonna. 

nicotin, in tobacco. 

emetin, in ipecac root. 

caffein, in coffee. 

strychnin, in nux vomica. 

morphin, in Papaver somnifermn (opium 

poppy). 

quinin, in cinchona or Peruvian bark 
tree. 

Resins, as in Coniferse. 

Gum-resins, Caoutchouc, as in India-rubber plant. 

formic, as in stinging nettles. 
acetic, as in fermented cider. 
oxalic, mostly in form of calcium 

oxalate. 
malic, as in apple. 
citric, as in lemon. 
And many others. 



Alkaloids 



Vegetable acids 
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453. Other cell contents are the proteids. There is a large 
number of different proteids. They are very complex organic 
products composed of carbon, oxygen, hydrogen, nitrogen, 
and in addition sometimes phosphorus and sulfur. The 
white of egg is a proteid. The protoplasm itself is a proteid. 

454. Of the various sugars in the cell, glucose or grape- 
sugary so named because it is so abundant in grapes, is 
perhaps the most common in plants (179). It is probably 
the first carbohydrate formed in the plant, and the one 
from which all others are derived. It is also a product of 
the digestion of maltose, which in turn is derived from the 
conversion of starch in the plant. It is also one of the sugars 
formed from the digestion of cane sugar. It is very soluble 
and therefore is in a convenient form for transportation 
from one part of the plant to another. Com syrup is glucose 
derived from starch of the com kernel. 

455. To test for glucose: Make a thick section of a bit of 
the edible part of a pear and place it in a bath of Fehling's 
solution. After a few moments, boil the liquid containing 
the section for one or two minutes. It will turn to an orange 
color, showing a deposit of an oxid of copper and perhaps 
a Httle copper in the metallic form. A thin section treated 
in Uke manner may be examined under the microscope, 
and the fine particles, precipitated from the solution by the 
sugar of the pear, may be clearly seen. Fructose and maltose, 
as well as other organic substances, give a similar reaction 
with FehUng's solution. In the case of fruits and other com- 
mon products, it may be assumed that precipitation of the 
oxid of copper is due to glucose or fructose. With barley 
malt, the precipitation of the copper oxid is due to maltose. 
Test various fruits by boiling them in water in a test-tube, 
and then determine whether sugar is present by adding 
Fehhng's solution to the extract and again heating. — Feh- 
ling's solution is made by taking one part each of these three 
solutions and two parts of water: (1) Copper sulfate, 9 
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grams in 250 c.c. water; (2) sodium hydroxid, 30 grams in 
250 c.c. water; (3) Rochelle salts (sodimn potassimn tartrate), 
43 grams in 250 c.c. 

456. Cane-sugar is stored as a reserve food in many 
plants. In the maple tree, sugar-beet, sorghum, and sugar- 
cane, cane-sugar is abundant. Test the sugar-beet for glu- 
cose with Fehling's solution. None is found. Boil a piece 
of sugar-beet in a Uttle water in a test-tube. To the water 
first add a drop of hydrochloric acid. When cool add a 
pinch of sodium carbonate and Fehling's solution, and again 
heat. A precipitate of oxid of copper is obtained. Cane- 
sugar heated in the presence of hydrochloric acid is con- 
verted into glucose and fructose. This is one test for cane- 
sugar. Another test is as follows: (1) Make a thin section 
of sugar-beet and let it stand a few minutes in a strong 
solution of copper sulfate. Then carefully rinse off all the 
salt. (2) Heat in a very strong soluti(Hi of potassium hy- 
droxid. There will be seen a blue coloration in the section, 
gradually washing out into the liquid. 

457. To test for the oil content of the cell: Mount a thin 
section of the endosperm of castor-bean seed m water and 
examine with high power. Small drops of oil will be abun- 
dant. Treat the mount with alcanin (henna root in alcohol). 
Half an hour or more may be required. The drops of oil 
will stain red. This is a standard test for fats and oils. 

458. To examinee gum-resin: Mount a little of the milky 
juice of the leaf-stem of the garden poinsettia (Euphorbia 
pulcherrima). It is of a creamy consistency. Examination 
imder the microscope shows that it is not white, as it seems 
to the naked eye. The particles are yellowish or colorless 
and insoluble. These particles are gum-resin. They have 
been emulsified by the plant, making the juice appear white. 

459. Starch is the most abundant of the solid products 
of the cell. Starch grains have a definite form for each group 
of plants; and these groups can be determined by the form 

R 
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of their starch grains. Detection of adulteration of various 
products containing starch is accomplished by the aid of 
the microscope. This method is now particularly important 
in determining adulteration of stock foods. In potato starch 
the grains are ovate, with a "nucleus" near one .end, as 
shown in Fig. 444. In poinsettia they are dumb-bell shaped, 
with two auclei. (Fig. 444.) In com they have equal diame- 
ters, with radial fissures. In Elgyptiau lotus they are forked 
or branched. So far as known, all starch grains are marked 
with rii^, ^ving a striated appearance, due to the differ- 
ence in density of the layers. When all 
water is driven out of the starch, the rings 
disappear. The layers are more or less 
concentric, and are formed about a starch 
nucleus. 

460. Starch grains may be dmple, as 
found in potato, wheat, arrow-root, com, 
and many others; or they may be in 
'■""■ groups called compound gruns, as in 

oats, rice (Fig. 444), and many of the grasses. 

461. Starch may be found in all parte of the plant. It 
is first formed in presence of chlorophyll in daytime, mostly 
in the leav^, and at night it is converted into sugar and 
then it is carried to some other part of the plant, as to 
the roots or tubers, to be stored or to be used. When 
found in the presence of chlorophyll, it is called transitory 
starch, because it is soon converted into sugar to be trans- 
ported to other parts of the plant. When deposited for future 
use, as in twigs and tubers, it is stored starch. 

462. The composition of starch is represented by 
CgHioOs- The grains are insoluble in cold water, but by 
saliva they are changed to sugars, which are soluble. Great 
beat converts them into dextrine, which is soluble in water. 
Starch turns blue with iodin (76). The color may be de- 
stroyed by heat, but will return as the temperature lowers. 
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463. To test for starch: Make pastes with wheat flour, 
potato starch, and com starch. Treat a little of each with 
a solution of rather dilute iodin. Try grains from crushed 
rice with the same solution. Are they the same color? Cut 
a thin section from a potato, treat with iodin and examine 
imder the microscope. To study starch grains: Mount in 
cold water a few grains of starch from each of the foUowing: 
potato, wheat, arrow-root (buy at drug store), rice, oats, 
com, euphorbia. Study the sizes, forms, layers, fissures, 
and location of nuclei, and make a drawing of a few grains 
of each. 

464. AmyloHiextrine is a solid product of the cell much 
resembling starch in structure, appearance, and use. With 
the iodin-test the grains change to a wine-red color. Seeds 
of rice, sorghum, wild rice, and other plants contain amylo- 
dextrine. Amylo-dextrine is a half-way stage in the con- 
version of starch into maltose and dextrine. These latter 
substances do not react with iodin. 

465. Rroteid or nitrogenous matter is stored largely in 
the form of aleiux)ne grains, and is most abundant in seeds 
of various kinds. It is present also in solution or in amorphous 
compounds. The grains are very small, colorless or yellow- 
ish in most plants, rarely red or green. In the common 
cereals they occupy the outer layer of cells of the endosperm. 
(Fig. 445.) In many other cases they are distributed through- 
out the seed. The grains vary in size and 
form in different species, but are rather ISS^S^ 
constant within each group. They are en- ^^9Btm, — 
tirely soluble in water imless certain hard 
parts or bodies, known as inclusions, are 

, ^- . 1. 1 I ^5. Aletirone grains 

present, and these may remam undissolved. ifU) in kernel of 
The inclusions may be (a) crystaloids, as ''*»«*<^ 
in potato, castor-oil seed; (b) globoids, as in peach, mustard; 
(c) calcium oxalate crystals, as m grape seed. 

466. To study alevrone grains and their inckisions: Cut 
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a thin cross-section of the peripheral cells of a grain of wheat 
and mount in alcohol. Stain with an alcoholic solution of 
iodin to color the grains yellow, and examine with the high- 
est power. Make a sketch of a few layers of cells, just be- 
neath the epidermis. Make a sketch of a few of the grains 
removed from the cells. While looking at the mount, run a 
Uttle water under the cover-glass and watch the result. 
Make a similar mount and study of the endo- 
sperm of castor-oil seed, or of grape seed. In 
the castor-oil seed, look for inclusions of large 
crystaloids and small globoids. In the grape 
seed, globoids should be found with crystals of 
calcium oxalate within them. This experi- ^g RapWdes of 
ment will require the power of one-sixth or rhi«)me of skunk 

ne.-i • 1 1 • 1 • cabbage. 

one-fifth mch objective. 

467. Cells may contain crystals. Besideis the crystals 
found as inclusions of aleurone grains, many others occur. 
In onion skin they are prisms; in nightshade they are in 
the form of crystal flour; in the petioles of the peach they 
are roundish, with many projecting angles; in the root-stock 
of skunk cabbage, in the bulbs of hyacinth, and leaves of 
tradescantia they are needle-shaped and are called raphides. 
(Fig. 446.) In the leaf of the India-rubber plant (common 
in greenhouses) are found compound clusters resembling 

bunches of grapes, which are called cysto- 
liths. (Fig. 447.) These are concretions and 
not true * crystals. In saxifrage, mineral 
matter appears as incrustations on the sur- 
face of the plant. Toward autunm, crystals 
of calcium oxalate become very abundant in 
447. Cystoiith inieaf the leavcs of many deciduous trees; examine 
of rubber plant.— cross-sections of pcach petiolc in June and 

Fious elastica. ^ ^ 

again in October. 

468. To study crystals and cystoliths: Section the root- 
stock of skunk cabbage or Jack-in-the-pulpit, the leaf 
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of Ficus elastica, the leaf of ivy (Hedera helix); make a 
separate mount of each in water, and examine with the 
high power. When the crystals are found, draw them, with 
a view of the adjacent cells. Make a similar study of a 
bit of thin onion skin. 

Review. — Name ten classes of contents or products of tke cell. 
Where found? Of what use? What is chlorophyll? What is its use? 
What is assimilation (185)? Give outline of the products of cells 
found dissolved in cell-sap. What are the uses of sugar to plants? 
Name some kinds of sugar found in plants. Describe an experiment 
to test for glucose. Same for cane-sugar. How may we find the oil 
in plants? Describe an experiment for the study of gum-resin. Why 
does the juice containing it appear white? Describe starch grains of 
potato. Tell how starch grains of other plants studied differ from 
those of potato. What are the uses of starch to the plant? Where 
is the plant's starch factory? Describe an experiment to test for starch. 
Name some plants in which one may find amylo-dextrine. How does 
its test differ from that for starch? What are aleurone grains? In 
what cells are they found in kernels of wheat? Name some of the forms 
in which we find true crystals in plant cells. 

Note. — The digestion of starch is produced by means of enzyms 
(183) or unorganized ferments (i.e., ferments that are not bacterial 
or fungal, but are chemical substances). These ferments, as diastase, 
are present in seeds and other living tissues containing starch. During 
dormant periods the enzyms either are not present, or their action is 
prohibited by the presence of other substances. There are various 
specific enzyms, each producing definite chemical changes. 

Grape-sugar and its associate, fruit-sugar, appear to be the forms 
most generally useful to plants. Cane-sugar is readily inverted into 
these sugars. 



CHAPTER XXXVIII 

TISSUES 

469. The lowest plants are unicellular or composed 
of only one cell. Of such are bacteria. (Fig. 136.) All the 
higher plants are composed of collections or aggregations 
of innumerable cells: they are multicellular. If we ex- 
amine the cells of the stem, the leaves, and the roots of any 
common garden plant we find that they differ very widely 
from each other in shape, size, and texture. 

470. Any group of similar cells is called a tissue. Each 
of the different tissues of a plant has its own type of cells, 
although the cells in a tissue may differ from each other 
in various minor ways. 

471. Parenchymatous Tissue. — Thin-walled cells are 
known as parenchyma cells. When they unite they form 
parenchymatous tissue. These may or may not be elon- 
gated in form, and they usually contain protoplasm. Paren- 
chymatous tissue is found at the growing point of a shoot 
or root (Fig. 448); in the mesophyll (soft pulpy part) of 
the leaves (Fig. 468) ; around the vascular bundles of stems 
and roots (Fig. 455/), and in a few other places, as pith, 
medullary rays, etc. The cells of this tissue may be mefriste- 
matic — ^in a state of active division and growth; or they may 
be permanerdy no longer able to divide. 

472. One important use of this tissue is to form other 
tissues, as in growing points. Near the end of any young 
root or shoot the cells are found to differ from each other 
more or less, according to the distance from the ponit. 
This differentiation takes place in the region just back of 
the growing point. In the mesophyll (or middle soft part) of 

(278) 



THE GROWING POINT 279 

leaves the elaboration of plant-food takes place. Intercellular 
spaces filled with air and other gases are common in this 
tissue of leaves, as well as in parenchyma of other parts of 
the plant. 

473. To study growing points use the hypocotyl of Indian 
com. Prepared slides may be secured having stuned lon^- 
tudinal sections of the hypocotyl. The median section should 
be studied with the high power. Note these points (Fig. 
448) : (a) Root-cap beyond the grow- 
ing point, (b) The shape of the end 

of the root proper and the shape of 

the cells found there, (c) The group 

of cells in the middle of the first 

layers beenath the root-cap. This 

group is the growing point, (d) Study 

the shght diCet^ences in the tissues a 

short distance back of the growing 

point. There are four regions: the 

plerome, several rows of cells in the 

center; the endodermis, composed of 

a single layer on each side ; the peri- 

Uem, of several layers outside the 

endodermis; the dermatogen, on the **?;^'3,!^°d,°'de™lt^ 

outer edges. Make a drawing of the ««=: t>- "■ peribiem; *. «, en- 

. , ,, . , , , dodennia; pf, pierome; i. id- 

section. It a senes oi tne cross-aec- itiaJ(roup<Ji»u>,or»iowin« 
tions of the hypocotyl should be made '^' '""^' *=■ "'°*-^- 
and studied, beginning near the growing point and nmning 
back some distance, it would be found that these four tissues 
become more distinctly marked. The central cylinder of 
plerome will contain the ducts and vessels; the endodermis 
remains as endodermis; peribiem becomes the cortex of 
parenchyma; the dermatogen becomes the epidermis of the 
root. 

474. Efndermal TisBue is a special modification of 
parenchyma, comprising the thin layers on the exterior of 
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leaves and stems. The cells are often tabular or plate-like in 
form, as in the epidermis of leaves (Fig. 137); and their 
outer surface bears a layer of cuticle, a protective sub- 
stance which is insoluble even in sulfuric acid. They do not 
bear chloroplasts and often contain only cell-sap, with a 
little protoplasm. Their walls are much thickened in some 
cases, as in Figs. 447 and 471. Hairs and bristles are con- 
sidered to be modified epidermal tissue. 

475. CoUenchymatous Tissue. — ^Tissue composed of cells 
thickened at the angles, not much elongated and not lapping 

at the ends, is known as coUenchyma, (Fig. 
449.) It is strengthening tissue. Good 
examples are found in such vines as 
pumpkin, cucumber and gourd. The tis- 
sue is shghtly elastic and allows of some 
stretching. Cut a few thin cross-sections 

440. CoUenchyma in wUd f ^^^^ ^^^^ ^^ jewel-Wecd, Blld mOUUt 

Jewel-weed or touch- in watcr. Study with high power. 

me-not Ompatiens). ^^g ^^ ^^^ ^^ g.^^^ TlSSUe.— In the 

higher plants is a tissue known as soft bast or sieve tissue (this 
also forms part of the bundle; 476). It is composed of two 
types of cells which almost always accompany each other. 
These are sieve tubes and compann/n cells, (Fig. 450.) Both 
are elongated, thin-walled and blunt at the ends. The sieve 
tubes are so called because of the sieve-Uke areas that they 
bear in various parts. These areas, called sieve plates, are 
commonly at the ends (as partitions) but may be in the 
lateral walls. (Fig. 450.) They serve to connect the cell- 
cavities with each other, and through them the proto- 
plasm strands extend, as shown in the figure. 

477. Prosenchymatous Tissue. — Several elongated and 
strong tissues, that greatly strengthen the stems in which they 
are found, are collectively known as prosenchyma. The cells 
of these tissues become much thickened by the addition of 
layers to the inner surface, and finally lose their protoplasm. 
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At times they may serve as store-rooms for starch and 
other products, and take an important part in the transfer 
of the plant juices. 

478. There are four main varieties of tissues that may be 
included under prosen- 
chyma. (1) Fibrous tissue, 
composed of very thick- 
walled cells with very 
small central cavities. (F, 
Fig. 464.) They are very 
long and tapering at the 
ends, which lap. Such 
tissue is found in mat^ 
plants where it often 
wholly or in part surrounds 
the fibro-vascular bundles. 
It is more often but not 
always found near the soft 
bast: hence the cells are 
sometimes called bast 
fibers or hard bast. (2) 
Wood tissue, or wood fibers. 
This is composed of cells 
much Hke the preceding 
in structure, but with 
thinner walls and the cen- _ 

tral cavity not so nearly lin,i,thepn)topla«mM«hrunken(romtba 

closed. In some cases " "'*™ 
such fibers have transverse walls. Wood cells constitute 
a large part of the wood of some plants and in other 
cases are scattered only among the other prosenchyma. 
(3) Tracfteids. Cells of this tissue differ from ordinary 
cells in being supplied with numerous bordered pits or 
other characteristic markings. They constitute almost all 
of the wood of the pines and other gymnosperms. (Fig. 




panlon cell; p. shows * top via* of a 



451.) (4) Vasctdar tissue, composed of large cells which 

become confluent end to end, forming long tubes or ducta. 

(XT', Fig. 454.) From the thickened markings which these 

cells bear they are named spiral, annular, pitted, scalariform, 

etc. (Fig. 441.) These vessels are often of considerable 

length, but are never continuous through the entire plant. 

Cut a grape-vine stem 2 or 3 feet long. Place one cut end 

in a glass of water and with, the other end in the mouth, 

try to force air 

through the stem. 

If not successful, 

shorten the stem 

a little. 

479. Scleren- 
chymatous or 
Sclerotic Tisstie. 
— Sclerenchyma 
cells are hard, not 
elongated, often 
somewhat spheri- 
cal, and their 
thickened walls 
are provided with 

461. Longitudinal Un^ntial section of S«.toh pine wood. f^P^^ O' branch- 
highly nuMEaifiwI. It abows trachejda witb boniend \j\ft Canals. The 
pilB. The dark ixUa are out ends of meduUuy n^a. ~' • > . 

cells of this tissue 

are illustrated by the common grit cells of the pear and some 
other fruits. They are also found in the coats of many 
seeds, in nut shells, in the pith of some plants. Hold a large 
gritty part of a pear between two pieces of smooth elder 
pith or cork and make free-hand sections. Mount in water. 
Make a drawing of a single cell showing thickness of wall, 
size of central cavity, wall markings. Note the general shape 
of the cells. 

480. Laticiferous Tissue. — That tissue found in many 



THE TISSUE SYSTEMS 283 

plants which contain a milky liquid is called latidferous 
tissue. There is no fixed type for the vessels that carry 
this fluid, as they vary greatly in different plants, being 
simple in the asclepias (milk-weed), and complex in the 
dandelion. 

481. Tissue Systems. — ^The parts of complex plants 
may be conveniently grouped into three tissue systems: 

(1) Fibro-vdscular tissue system. This is composed of 
fibro-vascular bundles. The fibrous framework of roots, 
stems, and leaves is made of fibro-vascular bundles. (''Fibro- 
vascular" means fibrous or long and slender, and having long 
openings or channels.) Each bundle is composed of two 
fundamental parts: phloem and xylem. The bast fibers 
may or may not be present. Phloem is another name for 
the soft bast or sieve tissue, while xylem is the name of the 
lignified or woody part, and is composed chiefly of the wood 
cells, tracheids, and ducts. In stems of dicotyledons (exogens), 
these two parts of the bundle are separated by cambium, 
a meristematic layer giving rise to xylem on one side and to 
phloem on the other. For types of bundles, see next chapter. 

(2) Fundamental tissue system. This is composed of the 
parenchymatous tissue already described. The fibrovas- 
cular system may be said to be imbedded in the funda- 
mental tissue. (3) Epidermal tissue system. This is the 
covering of the other systems, and is composed of epidermal 
tissue, already described. It should be borne in mind that 
the types of cells and tissues as defined in this chapter 
are not all that may be found in plants. There are many 
intermediate forms, e.g., tracheids and ducts blend the one 
into the other; and the same is true of wood cells and tracheids. 

482. Summary of tissues studied: 

1. Parenchymatous tissue. 

a. meristematic. 
6. permanent. 

2. Epidermal tissue. 
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3. Collenchymatous tissue. 

4. Soft bast or phloem (sieve tissue). 
6. Prosenchymatous tissue. 

a. Fibrous tissue or bast fibers. 
6. Wood tissue or wood fibers. 

c. Tracheids. 

d. Vascular tissue or ducts. 

6. Sclerenchymatous or sclerotic tissue. 

7. Laticiferous tissue. 

8. Tissue systems. 

Review. — ^What is a tissue? How may two tissues differ? What 
is parenchymatous tissue? Name three places where this is found. 
Distinguish between meristematic and permanent tissue. Name two 
uses of parenchymatous tissue. Of what utility are the intercellular 
spaces of leaves? Describe the parts studied in the section of root 
tip. What part of this tip will become vascular? Describe epidermal 
tissue. Collenchyma. Sieve tissue. Of what use are the sieve areas? 
What are the chief uses of prosenchyma? Describe fibrous tissue, 
wood cells or wood fibers; tracheids; ducts. What does your experi- 
ment in blowing air through a grape-vine stem indicate? Describe 
cells of sclerotic tissue. Laticiferous tissue. Name three tissue systems. 
What are fibro-vascular bundles? What two classes of tissue are foimd 
in each bundle? Of what is phloem composed? Xylem? 



CHAPTER XXXIX 

STSUCTUKE OP STEMS AND ROOTS 

483. There are two main types of stem structure in 
fiowering plants, which have their differences based upon 
the arrangement of the fibro-vaseular bundles. These types 
are endogenous and exogenous. 

484. Endogenous Stems. — In endogenous stems, the 
vascular bundles are irregulaTly scattered through the funda- 
mental tissue of the stem (Fig. 452), and are not arranged 
in circles about a common center. These plante are mono- 
cotyledons. The bundles are not parallel with each 
other, and are not of the same size throughout their lei^h. 
Fig. 453 shows the direction often taken by the bundles 
in the stem. On the exterior there is either an epidermis 
or a false rind. The only trees that have this kind of stem 
are natives of the tropics or of warm countries. The palm 
is one of them, and these 

stems are sometimes called 
the palm type. In our 
climate are many ex- 
amples, such as greenbrier, 
Indian com, asparagus, 
grasses, orchids, iris, and 
cat-tail. 

485. To study arrange- 
ment of bundles in com: ,„ . ^, , ^ ,, l _j 

452, Cn>!iB.geet1on of eom-stalk. sboniuc 
Cut tilin sections of a small tbe scattered fibro-vouulu bundle*. 

com stem that has been ' '*' 

preserved in alcohol. Stain with hematoxylin; or the sections 

may be examined first without stainii^^. Examine with the 

(286) 
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low power, and make a sketch showing the 
arrangement of the bundles. The sections, if 
mounted in a permanent way, as in balsam, 
may be kept for further study of the bundles. 
Compare with Fig. 454. 

486. Exogenous Stems. — The fibro-vascular 
bundles in exogenous (or dicotyledonous) stems 
are arrai^ed in a circle around the center, 
which is usually filled with pith. Outside the 
ring of bundles is a cortex of fundamental 
tissue. Around this is either a layer of cork 
or an epidermis. Layers of parenchyma cells, 
called medullary rays, are found between the *5a. dubhuh u, 
bundles S°Eb^y,^^ 
and often *:^'?'°™»»- 
extending 

from the central pith to 
the outer cortex. These 
usually are prominent in 
young stems of woody 
plants and in vines. (Fig. 
457.) All trees and nearly 
all other woody plants 
of the temperate regions, 
as well as many herba- 
ceous plants, show this 
plan of stem. The me- 
dullary rays are very^ 
prominent in oak wood. 
These rays are l^ni&ed 
BT in the xylem part of the 
oi bundle and non-Iignified 
''•_ in the phloem part. 
.1^ 487. To study arrai^se- 
° ment of bundles in ex- 
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ogens: Prepare thin cross-sections of the steins of meni- 
spermum (mooDseed), one year old, of geranium or of tomato 
plant. Other greenhouse or gsrdea 
plants may be employed. Stun with 
hematoxylin. Make a permanent 
mount. Study with low power, and 
make a sketch showing the shape and 
location of the fibro-vascular bundles. 
(Fig. 455.) Save the mount for 
further study. If menispermum stems 
are not easily obtained, ivy (Hedera 
helix), clematis, geranium, coleus, 
tomato or other plants may be substi- 
^'tj^^^lJ^m o( mZ^d" tu^- I" w<«^y s*«™s **^^ compres- 

P, pith; /, limrtsmentsi tia- gion is SUCh that the Student is U8U- 

vuiniiu buDdiH US very ally puzzlod to Understand the bundle 
*™°^"'- structure. The subject will be sim- 

plified if he compares (on cross-section) the bundles in such 
a plant as the cucumber with that part of the vascular ring 
that lies between any two medullary rays in one-year-old 
stems of peach, 
elm, oak. 

488. Other 
Stems. — Be- 
sides the two 
types of stems 
studied above, i 
which are prev- 
alent among 
phenogams, 
there are other 
kinds of struc- 
tures of stems 

amongthe cryp- *66. CraaMeWion of root of brake (Puri* aquilin*). showiac 
A».».».... K twelve concaatric fibro-VAHular bundleB. The two looi 
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moQ arrangement of the bundles is 
in the form of a circle some distance 
from the center, with a few other 
bundles within the circle. Within 
the circle also are sometimes large 
areas of fibrous tissue. (Fig. 456.) 
There are, however, wide variations 
from this structure, but this mode 
of arrangement is often called the 
/cm type of stem. 

489. Three Types of Bundles.— 

It has already been said (481) that 

467. cro»«Mtioii of flbro-vae- evcry fibro-vascular bundle js made 

Fig"45S). /,/?pS^Mha^ up of two partsn (1) phioem or 

phiwmjVonJhed phtocm) soft hast; (2) xyUof or woo^. The 

^bStl^iidaTm.'^edufiKy relative position 'of these two 

fromeK./faibStom),iJ'tem| strands of t'lssue is very important. 

e. ^ o" BBcoiJyw'B'^mrti; There are three plans of arrange- 

" " ment, on which three types of 

bundles are based. These plans are collateral, in-oMateral 

and ccmcentnc. 

490. In collateral bundles, the phloem and xylem are 
placed side by side, the 
xylem being nearer the 
center of the stem and 
the phloem outside or 
nearer the circumfer- 
ence of the stem. This 
plan occurs in the stems ' 
of phenogams. The col- 
lateral bundles may be 
either open or closed. 
Open bundles are those 
that continue to in- 

, , ... 45M. Part of croaa-BBCtion of root.»tock ol aapal- 
Crease m size durmg Ufe wu. showuu s Cew fibn>.vu<iulac bundle*. 
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by the presence of a growing layer at the line of union of the 
phloem and xylem. This layer of growing cells is called cam~ 
inum. Dicotyledonous stems have open collateral bundles. 
(Fig, 455.) Closed bundles are those that cease growing very 
early and have no cambium or growing layer. They are called 
closed, perhaps from the fact that there is no means by which 
they may become larger. Stems of monocotyledons have 
bundles of the closed collateral type. Examine with high 
power cross-sec- 
tions of menisper- 
mum stems and 
com stems (see 
Figs. 454, 455, 457), 
that have been 
stained with hema- 
toxylin. Study the | 
tissues found in a 
single bundle of 
each, with the aid 
of the illustrations. 

491. In concen- 
tric bimdles, the 
xylem is centrally 

placed in the ise. EDlargement of a sUicle cODCenUio 

bundle and the buudi. f™n> F* 45Sk 

phloem is all around it, as in club mosses and ferns (Fig. 
456); or the phloem is in the center of the bundle and the 
xylem surrounds it, as in the underground stems of some 
monocotyledons, as asparagus. (Figs. 458, 459.) 

492. To see concenfnc bundles: Prepare cross-sections 
of the stem of pteris or aspidium. They should be cut very 
thin and stained with hematoxylin. Make a sketch showing 
the arrangement of bundles. Bicollateral bundles differ 
from the collateral in having additional phloem on the inner 
ade of the xylem strand; as in pumpkins and squashes. 
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493. In roots, the phloem and xylem are not definitely 
arranged in bundles, but in aJternating radial strands or 
plates. This plan ia typical in young roots and rootlets, 
but is more or less obscured in older ones as seen in Fig. 467. 



e of & aiaEle Beasoa's fiowth; a 
m layer, derived tram pheUoeen. 
at bundles. Note Iubq meduJlarr 
ioo. Compue with (trusture of 
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494. SecondaryThickeningofStemB. — IMcoty!edoiiou8(or 
exogenous) stems with open collateral bundles may increase 
in diameter each year. If they are perennial, they may add 
a ring of growth each spring. (Fig. 461.) These rings may be 
counted on the smooth cross-cut surface of a tree, and the 
age of the tree usually can be very closely determined. All 



461. Whita pine aiem five yetn old. The outermMt layer b bark. 

growth in thickness due to the formation of new cells out- 
Edde of the primary wood is called secondary thickening. 

495. As we have seen (490), there is a cambium or grow- 
ing layer in every open collateral bundle just between the 
xylem and phloem. Each spring the cells of this layer divide 
many times and form new cells both inside and outside the 
cambium ring. (Figs. 462, 463.) Those formed inside 
become thick-walled and are xylem. Those formed to the 
outside of the ring are gradually changed into phloem. The 
crowding of the cells within the cambium ring causes the 
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ring iteelf to enlarge its circumference and to move out- 
ward by this growth. 

496. To study secondary thickening: Cut thin cross- 
sections of basswood stems of different ages (one to three 
years old). Stain and mount. Examine with low power and 



462. MicTophotoeraph of cross^eotion ibowiiijE HcondiLry growth m larch, Jnoe 
13; a, auDbium; a-b, new phloom; a-c, new wood. D. Tag«ntiaL seotion of wood 
of pine, showing tianavcTH section of medullary nysj rd, trimsverse resiD-duct. 

sketch the arrangement of bundles in the oldest and youn^ 
est. Note the effect of growth on the medullary rays. Test 
them with iodin for starch. Now with the high power 
study the pecuhar character of the bast tissue. Note the 
abundance of fibrous tissue all through it. Draw a 
single bundle from the stem one year old, carefully show- 
it^ the location of the cambium and the different tissues 
in the xylem and phloem strands. (Fig. 464). It may 
be thought best to precede this experiment with a similar 
study of two-year-old stem of moonseed, ivy or other 
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497. Bark.— In most 
woody plants, that part 
of the stem which is 
outside the cambium 
ring is called bark. At 
first it contains the 
epidermis or outer layer 
of cells, the phloem 
and the cortex lying 
between the epidermis 
and the phloem. The 
gradual growth of the 
stem causes the outer 
dead layers of bark '" "qii;TO7,"^iiB"rf oW" wkmr'u^rqilkMi;^' 

, I T odls of old phloem. Djamoter increafle juat 

to crack more or less slwuC to becin. MedulUiy rayn are ehown. 

irregularly and nnally 

to split off. Examples of this can be seen on the trunks 

of any large trees. Before the tree is many years old, 

the corticaJ cells of the bark become much crushed and 

arc lost to view. The epidermis is shed rather early in 

the life of the tree. 

498. Usually 

very early in the 

life of the stem a 

corky layer of bark 

is produced. This 

is the product of an 

active layer of cells 

called phellogen. 

This layer is first 

found at those 

places where the 

stomates were 

located. Theepider- 

Len. mis is first crowded 
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off at these places, and the rough corky spots are called 
lenMcels. Phellogen is^very active in the cork oak of Spain, 
but it occuTB in nearly all woody 
plants. In such plants as button- 
wood (sycamore), in Which the bark 
peels off in thin, flat layers, the 
*65. cro«*«Krtion of red oup- phcUogen layer is nearly uniformly 
active in all parts, while in many 
other cases there is very little uni- 
formity. In waiioo (burning-bush) it is in four bands, giv- 
ii^ rise to four comer wings. In the section of menisper- 
mum already studied, it is found only under the lenticel 
spots where the stomates have been located. Fig. 465 shows 
structure of the outer bark as it occurs in the whole circum- 
ference of the three-year-old stem of red currant. 

499. To study phellogen and corky tiasfue: Cut thin cross- 



166. White pine sum in ndii] loDEitudiuJ M 

TncheidB on the left witb medull&iy nya omanDg them. 

ig Ihs phloem, then fundamratal tissue, then the i 



sections of red currant from stems two or three years old 
that have been kept in alcohol at least several hours. The 
sections should be stained. With the highest power make 
a careful study of the phellogen and the corky tissue outside 
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M7. Minnpbotograpb ot ccoBS-SMttOQ of coot of grape one sesHn old; m, medullujr 
ny>; a, oambiumr a, c, phlaem; a. b, lylem. 

of it. Draw. The relation of bark to woody tissue in pine 
is shown in Fig. 461. Cork tissue may be atudied to 
advantage in the skin of the potato, 

500. Structure of Roots. — At the growing point, the 
root has a cap (of small compact cells) that protects the 
delicate tissues from injury. (Fig. 448.) Such a protection 
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does not occur in grooving points (buds) of stems. In their 
internal structure roots differ from stems, especially when 
very young. In older roots the differentiation is not so 
marked. (Fig. 467.) Young roots have the radial arrange- 
ment of phloem and xylem (490). The number of xylem 
strands radiating from the center differs with the plant. 
In roots also there is almost uniformly a true endodermis. 
This layer is just within the cortex and is composed of 
rather thick-walled cells. However, many rhizomes and 
stems have a true endodermis. 

501. To study pea roots: From the roots of the pea 
a few weeks old cut thin cross-sections; stain and mount. 
With the aid of the low power make a sketch showing the 
arrangement of the strands of wood and bast, and also the 
amount of fundamental tissue. Use the highest power and 
draw a portion including one strand of wood and two of 
bast. In this part, draw the tissues from the center out 
beyond the endodermis. Sections may also be made of the 
roots of germinating pumpkins or squashes. 

Review. — Name two types of stems occurring in flowering plants. 
Describe each and give examples to illustrate them. Give the plan 
of arrangement of bundles in fern stems. How many types of bimdles 
are there? Upon what do their differences depend? Describe and give 
examples of collateral bundles. What difference is there between open 
and closed collateral bundles? Give examples of each. Describe 
and give examples of concentric bimdles. Radial arrangement. What 
is secondary thickening? What plants show it? What is the layer 
called that forms the new cells in a bimdle? When is this layer most 
active? Describe the work of this layer. What part of each bundle of 
a dicotyledon is found in the bark? What are lenticels? What is phel- 
logen? Describe the work of phellogen in any plant you have studied. 
Where is the root cap? What is its use? Describe fully the structure 
of roots, telling how they differ from stems. 



CHAPTER XL 

STRUCTURE OF LEAVES 

502. BesideB the framework or ^Etem of veins found 
in blades of all leaves, there is a soft tissue (468) called 
mesophyU or leaS-jtarenchyma, aqd an epidermis that covers 
the entire outside part. 

503. Mesophyll. — ^The mesophyll is not all alike or homo- 
geneous. The upper layer of it is composed of elongated 
cells placed perpendicular to the surface of the leaf. These 
are called palisade cells. The chlorophyll grains are most 
abundant in them, because they are on the side of the leaf 
most directly exposed to the sunlight. Below the palisade 
cells is the spongy parenchyma, composed of cells more or 
less spherical in shape, irregularly arranged, and provided 
with many intercellular air cavities, (Fig. 468; also Fig. 
137.) In leaves of some plants exposed to strong light 
there may be more than 

one layer of palisade 
cells, as in the India- 
rubber plant and ole- 
ander. Ivy, when grown 
in bright light, will de- 
velop two such layers of ««■ Cro«».*ectioii of ivy Isai, which giew in 
,. i_ . . i_ J J 1 dhadfl And has only one layer of palisade 

cells, but m snaaea places „]]a. „, upper epideniiiH: p. pnlisade aHW, 

it may be found as in ^ 7,''''LfL'T^^"n-H^'™^' '■•i^°' 

<^ CercellulBT space; f, lower epidenma. The 

Fie. 468. Such plants as pi""* ^"^ inle™led is the true at EDglish 

... '^ , ivy, Hedeca heLii. 

ins and compass plant, 

which have both surfaces of the leaf equally exposed to sun- 
light, usually have a palisade layer beneath each epidermis. 

504. Epldetmis. — The outer or epidermal cells of leaves 

(297) 
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do not bear chlorophyll, but are usually so transparent that 
the green mesophyll can be seen through them. They often 
become very thick-walled, and are in most plants devoid of 
all protoplasm except a thin layer Uning the walls, the 
cavities beii^ filled with cell-sap. This sap is sometimes 
colored, OB in the under surface of begonia leaves. It is 
not common to find more than one layer of epidermal cells 
on each surface of a leaf. The epidermis serves to retain 
moisture in the leaf. In desert plants the epidermis as a 
rule is very thick and has a dense cuticle. 

505. There are various outgrowths of the epidermis. 
Hairs are the chief of these. They may be (1) simple, as 
on primula, geranium, nsgelia; (2) once branched, as on wall- 
flower; (3) compound, as on verbascum or mullein; (4) 
disk-like, as on shepherdia (Fig. 46d); (5) steUate, or star- 
shaped, as in certain 
crucifers. In some 
cases the hairs are 
glandular, as in Pri- 
mula sinensis and cer- 
tain hairs of pumpkin 
flowers. 

506. To study epi- 
dermal hairs: For this 
study use the leaves 
of the plants men- 
tioned above "or others 
that may be substi- 
tuted. Cross-sections 
may be so made as to 

469. Disk-lik6 or rBdial.hai™ of shepherdia. , . , . ^. 

brii^ hairs on the 

edge of the sections. Or, in some cases, the hairs may be 

peeled or scraped from the epidermis and placed in water 

on a slide. Make sketch of the different kinds of hairs. 

507. Stomatee are small openings or pores in the epi- 
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dermis of leaves and soft stems, allowing the passage of 

air and other gases and vapors. They are placed near the 

lai^ intercellular spaces of the mesophyll. Fig. 470 shows 
the usual structure. There are two guard- 
cells at the mouth of each stomate, which 
may in most cases open or close the passage. 
' It is commonly thought that the opening 
and closing of the guard-cells is in response 

"iitJiI[[n^,VhDw- to different moisture conditions of the 
iogther^^iu. atmosphere. When the air is diy it is 

assumed that the stomates close 

and thus retard water loss from 

the plant, and vice versa. The 

stomates have generally been 

thought to regulate transpiration. , 

This is not true. In Fig. 471 is 

shown a case in which there are *^i- Stem*!* rf ivy, «hoi»int 

compound guard-cells, that of ivy. 

On the margins of certain leaves, as of fuchsia, impatiens, 

and cabbage, are modified stomates known as water-pores. 

508. Stomates are very numerous, as will be seen from 
the numbers ^ving the pores to each square inch of leaf 
surface: Lo„r ^)« 

Peony 13,790 None 

Holly 63,600 None 

Lilac 160,000 None 

Mistletoe 200 200 

Tradesctmtia 2,000 2,000 

Garden Flag 11,572 11,572 

The arrai^ement of stomates on the leaf differs with 
each kind of plant. Figs. 472 and 473 show stomates on two 
plaata, and also the outlines of contiguous epidermal cells. 
The guard-cells contain chloroplasts. 

509. Fall of the Leaf. — In most common deciduous plants, 
when the season's work for the leaf is ended some of the 
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nutrients are withdrawn into the stem, and a layer of corky 
cells 1h completed over the surface of the stem where the 
leaf is attached. The leaf soon falls. It often falls even 
before killed by frost. Deciduous leaves begin to show 
the surface line of articulation in the early growing season. 
This articulation may be observed at any time during the 
summer. The area of the twig once covered by the petioles 
is called the leaf-scar after the leaf has fallen. Figs. 57, 87, 
91 show a number of leaf-scars. Fig. 474 shows the leaf- 
scar in the form of a ring surrounding the bud, for in the 
plane-tree the bud is covered by the hollowed end of the 
petiole; sumac is a similar case. Examine with a hand- 
lens leaf-scars of several woody plants. Note the number of 
bundle-scars in each leaf-scar. Sections may be cut through 
a leaf-scar and examined with the microscope. Note the 
character of cells that cover 
the leaf-scar surface. Com- 
pare 216. 




47S. StomatcB of geruiium leaf. 173. Qrouped Btomates on a befanu leO. 

Review. — Name three tissues found in leaves. On the board, 
draw a sketch ehowing the structure of a leaf as seen in cross-Bection. 
What cells of leaves bear protoplasm and chlorophyll? Why do some 
leaves have palisade cells near both surfaces? Describe epideriDal 
cells. Why are their walls much more thickened in some plants than 
in others? What is the purpose of epidermis? What are stomatcfl? Draw 
on the board a section through a stomate showing epidermis and 
mesophyll. Give some idea of number of stomatea is various plants. 
Name several types of epidermal hairs. What utility could be si^gested 
for the dense coat of hairs on leaves of shepherdia? (Fig. 469.) 

Nora. — To study leaf tissues: A number of leaves can be oom- 
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pared by making free-hand crOBB-sectionB of leavea held between two 
pieces of pith or cork, and moimtit^ the material in water. Study 
such leaves aa ivy (Hedera helix), begonia, cycaa, geranium, and com. 
Note the number of layers of palisade cells, the spongy parenchyma, 
the epidermal layera. Which cells bear chlorophyll? Write a brief 
description of the tissuesof each leaf, and make a drawing of the geranium . 

To »ludy atomaies in. croaa-aection: In the cross-eectione of leaves 
of geranium, com, ivy, lily, or spider-lily prepared tor the above exper- 
iment, look for the stomates and make a careful drawing from the one 
you can see beet. 

Study of stomalet in araface 
fiew: From the under surface of 
leaves of geranium and impatiena, 
peel bits of epidermis by tearing 
the leaf: Mount these in water 
and examine under low power. 
Are the stomates scattered or in 
groups? With the aid of a higher 
power, draw a few stomatee show- 
ing their guard-cells and the sur- ,. . ,, . , ,. ^, , 

^,.*,, ,„.., t^ hollow ban ol the petiole. 

rounding epidermal cells. Make _^ 

a similar study and sketeb of the epidermis torn from the under surface 
of a Begonia sanguinea leaf. 

The openings or pores are known as stonuiia, singular sUmia; also as 
alomoiei, singular ttomote. 

Note on Scope, AppAHiTus, amd Methods. — The work outlined 
in Part III is BufGcient, if well done, to occupy one period of the pupil's 
time each school day for six weeks. These chapters are intended 
only aa laboToiory guides. The pupil should work out each structure 
at part for himself before taking up the succeeding subject. The work 
in this Part deals with only the elements of the subject, but it is as 
much as the pupil can hope to take up with profit in an outline course. 
Apparatug. — The apparatus necessary for the work outlined in 
these chapters on histology may be secured from dealers in micro- 
scopes and laboratory supplies at a low figure. Schools should obtain 
cataloguee from the following and other reliable dealers: 

Bausch ft Lomb Optical Co., Rochester, N. Y. 

Eimer A Amend, New York. 

The Franklin Educational Co., Boston. 

Ward's Natural Science Establishment, Rochester. 

Richards ft Co., Chicago and New Yoric. 
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Spencer Lena Co., Buffalo. 

WilliBniB, Brown & £&rle, Philodelphu. 

Geneva Optical Co., Chicago. 

Whitall, Tatmn A Co., New York. 

Chaa. Lenti & Bona, Philadelphia. 

Kny-Soheem- Co., New York. 

Citinbridge Botanical Supply Co., Cambddge, Maas. 



47b. AIL nuterifll uid appAntus ehould be kept UDdu cover when not in uao 

The microscope should have a 1-inch and perhaps a 2-inch eye- 
piece, and two objectives of say ^ and i4 focal lengtha. By arrang- 
ing the laboratory study of the pupils at different times, each oiicroBcope 
may be used by three, four, or even more pupils. 

There should be a microtome or section-cutter tor use by the class. 
If possible, each pupil should have his own individual toots and 
bottles of reagents, as follows: 

1 good razor (hollow-ground on one side only). 
1 small scalpel. 

1 pair forceps. 

2 sharp needles mounted in handles (as penholdera). (Fig. 215). 
1 medicine dropper. 

1 small camel's-hair brush. 

A number of slides and cover-glasses. 
Of reagents, stains, and other chemicals, there should be the following: 

Glycerine. lodin dissolved in alcohol. 

ftS per cent alcohol. Potassium hydroxide solution. 

Canada balsam. Fehling's solution. 

Xylol. Alcanna (henna root in alcohol). 

Copper sulfate solution. Formalin. 

lodin dissolved in water. 
Preparing and keeping laboratory material. — In preparing material 
for the experiments outlined in Part III, the pupil or teacher will find 
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it beat to secure much of the material during the growing season and 
preserve it until the time for use. Material collected can be prepared 
by placing it immediately in 95 per cent alcohol and then transferring 
it after twelve hours into 70 per cent alcohol, in which it may be stored 
for future use. Material may also be prepared in a 2 or 2^ per cent 
solution of formalin. Formalin bums the skin. 

Free-hand cuUiim and mounting.— To cut sections, the material 
may often be held between pieces of pith or smooth cork by the fingers. 
The material and aectione should be kept wet with alcohol during the 
time of cutting. 

The sections when cut should be wet in water, then stained with 
Delafield's hematoxylin for a few minutes; drain off the hematoxylin 
and rinse with water; then use 95 per cent followed by absolute 
alcohol, to extract all the water from the sections; then pour on xylol 
for a few minutes. If the section is too heavily stained, some of the 
stain may be removed by repeated rinsing with water. Mount the 
section on the slide in a drop of balsam and cover with the thin cover- 
glass. Mounts so made are permanent. 

Hematoxylin does not mix readily with alcohol, and balstun does 
not mix with water nor with alcohol. Sections mounted before they 
are freed from water become cloudy and worthless. 

All materiate should be kept covered when not in actual use, and 
always in order. (Figs. 476, 476.) A good work-table may be made on 
the side of the school-4«om. (Fig. 477.) 

Microtome aectUming. — The sectioning may be improved by the 
use of a band microtome, that may be purchased of a dealer at 
small cost. A more compUcated microtome mt^ be employed, but in 
this case the material must first be imbedded in a matrix like collodion, 
paraffine or other substance. This imbedding is a complex process; 
the material must first be treated with various reagents. The method 
will not be considered here. The reader should refer to Chamberlain'E 
"Methods in Plant Histology" or lo Stevens' "Plant Anatomy" for 
the methods necessary and for directions for stuning. 
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PART IV 

THE KINDS OF PLANTS 

Number of Plants. — ^Above 120,000 distinct kinds or 
siiecies of seed-bearing plants are known and described. 
Probably little more than one-half of the total number now 
existing on the earth is known. Even in the older comitries 
and regions, seed-bearing plants heretofore unknown to 
science are discovered now and then. Outlying regions 
are relatively Uttle known botanically. Large parts of 
Africa, South America, Central America, China, Central 
Asia, and the tropical islands are only imperfectly explored 
for plants. Cryptogamous plants are very numerous in 
kinds, and many kinds — as, for example, various bacteria 
— are almost infinite in numbers of individuals. In the 
lower ranges of cryptogamous plants, as in fungi and bac- 
teria, new kmds are being described even in countries in 
which they have been carefully studied. 

Species. — Each kind of plant is called a species. There 
is no absolute mark or characteristic of a species. Between 
many kinds there are intermediate forms, and some kinds 
vary immensely ' under different conditions. What one 
botanist considers as a distinct species another botanist 
may regard as only a variety or form of another species. 
No two botanists agree as to the number of species in any 
region. Species are not things in themselves. In practice, 
any kind of plant that is distinct enough to be recognized 
by a description, and that is fairly constant over a con- 
siderable territory, is called a species. We make species 
merely to enable us to talk and to write about plants: we 
must have names to call them by.- The different kinds of 

(307) 
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plants are the results of evolution. Probably none of them 
was created in the beginning as we now find it. 

Names of Species. — For more than one hundred and 
fifty years (since Linn^us published "Species Plantarum" in 
1753), species have been known by two names, the generic 
and the specific. The generic name is the name of the 
genus or group to which the plant belongs: it corresponds 
to a surname. The specific name belongs only to the par- 
ticular species or kind: it corresponds to a given or Chris- 
tian name. Both names are necessary, however, to desig- 
nate the species. Thus Quercus is the generic name of 
all the oaks. Quercus alba is one of the oaks (the white 
oak), Q, virginiana (the live-oak) another. All maples be- 
long to the genus AceVj and all elders to Samlmcus, The 
same specific name may be used in any genus, as the same 
Christian name may be used in any family. Thus, there 
is a Quercus nigra, Cyperus niger, Acer nigrum, the word 
"niger" meaning black. 

By common consent, the oldest proper name of any 
species must stand. If a species happens to have been 
named and described twice, for example, the first name, if 
in the proper genus, must hold; the later name becomes a 
synonym. It sometimes happens that the same specific 
name has been given to different plants of the same genus. 
Of course this name can be allowed to stand for only one 
species, and the other species must receive another name. 
In order to avoid confusion of this and other kinds, it is 
customary to write the author^s name with the species- 
name that he makes. Thus, if Gray describes a new 
Anemone, his name is written after the plant-name: Ane- 
mone cylindrica, Gray. The author's name thus becomes 
an index to the history of the species-name. 

Plant-names are thrown into the forms of the Latin 
language. When plants first were studied seriously, knowl- 
edge was preserved in. Latin, and Latin names were used 
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for plants. The Latin form is now a part of the technical 
system of plant and animal nomenclature, and is accepted 
in all countries; and the Latin language is as good as any 
other. Li the Latin language all plant-names have gender, 
and the termination of the word usuaUy differs in each gender. 
The species-name must agree with the genus-name in 
gender. Acer is neuter: so are* A. rvbrum and A. nigrum. 
Cyperus is masculine; so is C niger. Quercus is feminine, 
although masculine in form, but trees and shrubs are feminine 
in Latin: so we write Q. nigra. Masculine, feminine, and 
neuter endings are seen in Rvbus saiivus, Pastinaca sativay 
Pisum sativum. "Sati-vus" means cultivated. 

The name of a species not only identifies the species, but 
classifies it. Thus, if a plant is named in the genus Acer, 
it belongs to the maples; if it is named in Fragaria, it belongs 
to the strawberries; if it is named in PyruSj it is allied to 
apples and pears; if it is Helianthus, it is one of the sunflowers. 

Use of Sinewing Plant-names. — ^The name is an intro- 
duction to the plant, as it is to a person. It is an index 
to its history and literature. It enables us to think and 
to speak about the plant with directness and precision. It 
brings us nearer to the plant and increases o\ir interest in it. 

The name is a means, not an end. Merely to know the 
name is of little use or satisfaction. Knowing the name 
should be only one step in knowing the plant. Of late 
years, the determining of the names of plants has been 
discouraged as a school-exercise. This is because all in- 
quiry stopped when the name was secured. A name was a 
stone wall when it should have been a gate. 

How to Find Out the Names of Plants. — ^There can 
be no short-cut to the names of plants, for names cannot 
be known accurately until the plant is known. The name 
and the plant should be indissolubly associated in the mind. 
Study first the plant. If one does not know the plant, there 
is no occasion for knowing its name. 
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Learn first to classify plants: names will follow. Look 
for resemblances, and group the plants around some well- 
known kind. Look for simflower-like, lily-like, rose-like, 
mint-like, mustard-like, pea-like, carrot-like plants. These 
great groups are families. The families of plants are bet- 
ter recognized by studying a few representative plants than 
by memorizing technical descriptions. Go to the botany 
and use the keys in these famiUes, in order to run the plant 
down to its genus and species. If the family is not recog- 
nized, use the key to find the family. Use the keys at first: 
gradually discard them. When one looks for relationships, 
the vegetable kingdom comes to have continuity and mean- 
ing. Merely to know names of plants here and there is of 
Uttle use. 

It is imwise for the beginner to try first to find the name 
of any plant. Let him first examine familiar plants or those 
which seem to be related to other plants that he knows. 
Let him get in mind the bold characteristics of the families 
which are most dominant in his locality. After a time, in 
case of each new plant, he should be able to give a shrewd 
guess as to its family; then he may go to the book to verify 
the guess. 

In the following Flora, about fifty well-marked families 
are chosen for study. Some of them are not the most char- 
acteristic of American vegetation, but they are such as 
afford easily accessible species, either in the wild or in culti- 
vation, and which are not too difficult for the beginner. 
The pupil should begin with plants of which he knows the 
common names or with which he is famiUar. Several plants 
should be studied in each family, that he may grasp the 
characteristics of the family and thereby be led to 
compare plant-groups and to clarify his perception and 
widen his horizon. When thiBse families, or the larger 
part of them, are understood, if the pupil desires further 
knowledge of species, he may go to the regular manuals in 
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which species are grouped or classified according to their 
natural affinities. It is well to study more than one plant in 
a genus whenever possible, for then close comparisons can 
be made. 

Making a Collection. — ^The making of a collection of 
plants focuses one's attention, defines one's ideas, and affords 
material for study at any season. The collecting and pre- 
serving of plants should be encouraged. Not until one 
searches for himself, and collects with his own hands, can 
he know plants. The collection should not be an end, how- 
ever. It should be only a means of knowing plants as they 
live and grow. Too often the pupil thinks it sufficient 
merely to have made a collection, but the collection of itself 
is scarcely worth the while. 

Plants are preserved by drying them under pressure. 
The collection, when properly arranged and labeled, is an 
herbarium. Each species should be represented by sufficient 
specimens to display the stems, foliage, flowers, fruits. If 
the plant is an herb, its roots should be shown. There should 
be several or many specimens of each species, to show the 
different forms that it assumes. It is less important to 
have an herbarium of many species than to have one showing 
the life-phases of a few species. First make specimens 
of the common species: later one may include the rare ones 
if he choose, although an herbarium that selects plants 
merely because they are rare is of little account except as 
a collection of curiosities. The commonest plants are usually 
the least represented in herbaria. 

Dry the plants between blotters that are 12 inches 
wide and 18 inches long. These blotters are called "driers.'' 
They may be purchased of dealers in botanical supplies, 
or they can be cut from felt "carpet paper." It is well to 
place the specimen in a folded sheet of newspaper, and 
then lay the newspaper between the driers. If the specimens 
are large or succulent, three or fo\ir driers should be laid 
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between them. The sheets may be piled one above another, 
mitil the pile becomes so high (10-16 inches) that it tends to 
tip over. On the top place a board of the dimensions of the 
drier, and apply twenty to thirty pounds of stones or other 
weight. Change the driers — ^but not the newspapers — once 
a day at first, laying the moist driers in the sun for a time. 
In a dry warm place, most plants will dry in a week or ten 
days. When thoroughly dried, they retain no soft, sappy, 
fresh-green areas, and they usually break if bent sharply. 
They will be perfectly flat. 

The use of corrugated paste-board has proved very satis- 
factory in drying specimens. The board should be of the 
same size as the driers. Place one of the corrugated boards 
upon a table; over it lay a drier; then the sheet containing 
the specimen; over this a drier; then another corrugated 
board, a drier, a sheet containing specimens, and so on. The 
corrugations of the board provide air passages for the re- 
moval of moisture absorbed from the specimens by the driers; 
and, unless very succulent plants are being pressed, it is not 
necessary to change driers at any time while the specimens 
are drying. The pile should be weighted as described above. 

The specimen may now be secured to strong white 
paper, known as "mounting paper.'' The regulation size 
of the sheets is llJ/^xlGJ^ inches. It is the quality of 
heaviest ledger paper. By the ream, it can be bought for 
one cent or less a sheet. The specimen should be large 
enough nearly or quite to cover the sheet, unless the entire 
plant is smaller than this. It may be glued down tight, as 
one pastes pictures in a scrap-book, or it may be held in 
place by strips of gummed paper. The former is the better 
way, because the plants are not so easily broken. Only 
one species should go on a sheet. In one comer, glue the 
label. This label should give the place and date of collecting, 
name of collector, and any information as to height, color, 
nature of soil, and the like. Sooner or later, the label should 
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contain the name of the plant; but the name need not be 
determined mitil after the plant is mounted. (Fig, 478.) 

The sheets of one genua are laid together in a folded 
sheet of strong straw-colored paper. This folded eheet is 



by etripa of glued paper. 

the "genus cover." Its size when folded is Il5ixl6j^ 
inches. On the lower left-hand comer the name of the 
genus is written. If one has many sheets in one genus 
— say more than 20 — it may be necessary to have more than 
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one cover for them. The covers are laid in cupboards flat- 
wise, one on the other, and the sheets then retain their 
shape and are always ready for use. 

Explanation of the Flora. — The following Flora con- 
tains 625 species of plants in 294 genera and 51 famiUes. 
These species are selected from common and representative 
plants, in the hope that 50 to 100 of them may be secured 
by any pupil. The pupil should collect his own specimens 
as far as possible, and he should press and preserve them 
after he has studied the structure. Familiarity with 100 
plants will give the pupil a good grasp of plant forms, pro- 
vided he does not stop with merely acquiring the names and 
pressing the specimens. He should know how the plants 
look, where they grow, how they associate with other plants, 
how long they live, and the like. 

Avoid the use of keys as much as possible: learn to 
see the plant as a whole: go directly to the family, if possible. 
But it may be necessary to use keys at first. In this book 
coordinate parts of the key are marked by the same letter: 
e.g., F, FF, FFF, are three coordinate entries. Coordinate 
entries are also introduced by the same catch-word, as 
"flowers," "leaves," "fruit." Using a key is a process of 
elimination. First try the plant in a; if it does not belong 
there, go to aa. Then repeat the search in d, dd, etc., until 
the family is found. 

Synonyms are placed in parentheses unmediately fol- 
lowing the accepted name. Thus ^^Impatiens hijlora, Walt. 
(/. fulva, Nutt.)" means that the accepted name is Walter's 
/. biflora, but that the plant is also known by NuttalFs 
name, /. fulva. 

Proper pronunciation is suggested by the accent, which 
indicates both the emphatic syllable and the length of the 
vowel. The grave accent C) indicates a long vowel; the 
acute ('), a short vowel. Terminal vowels are pronounced 
in Latin words. The word oflScinale is pronounced officir' 



THE KEY 315 

nay-ly; aurea with au as in Laura; virginiana with the a as in 
hay; dlba, with a as in had; acutiloba with i as in hill; minor 
with i as in mine; halimlf61ia with o as in hole; japdnica with 
as in con; rumex with t^ as in tune; f unkia with t^ as in run. 

Key to the families as represented in the following pages 

A. CRYPTOGAMS: no true flowers or seeds: propagating by means 

of spores Filices, p. 321 

▲A. PHENOGAMS: bearing flowers and seeds. 

B. Gtmnospbrmb: seeds naked (not enclosed in ovaries), borne 
in cones or berries: no conspicuous flowers: Ivs. needle- 
shaped or scale-like: plants usually evergreen Coniferae, p. 324 

BB. Angiospermb: seeds borne in ovaries: flowers usually showy: 
leaves very various, mostly deciduous. 
c. Monocotyledons: cotyledon 1: leaves mostly parallel- 
veined, not falling with distinct articulation: stem with 
scattered fibro-vascular bundles (endogenous) and no 
separable bark: flowers mostly 3-merou8. 
D. Flowers without true perianth, except sometimes small 
scales, or bracts, or bristles, but inclosed by green 
alternate glumes, or chaffy bracts: arranged in spikes 
or spikelets: grass-like plants. 
B. Glumes in pairs, of 2 sorts (gliunes and palets): culms 
round, hollow: leaf -sheaths usually split on one side 

opposite blade 

Oramineae, or Grass Family, not treated here. 

xx. Gliune or scale single, with flower in axil: perianth 

none or replaced by bristles: culm triangular, solid; 

sheath entire or closed 

Cyperacex, or Sedge Family, not treated here. 
(For grass-like plants having flowers with 6 similar, green 
or chaffy bracts [glumaceous segments], culms solid, 
See Juncacese, or Hush Family, not included here.) 
DD. Flowers without glimies, borne on spadix, small, incon- 
spicuous, usually attended by spathe Ara^xse, p. 327 

DDD. Flowers not on spadices, mostly conspicuous. 
s. Perianth free from ovary. 

F. The perianth with all parts similarly colored. 

o. Parts of perianth 6, similar, green or chaffy 
(bract-like) or glume-like (glimiaceous segments). 

Juncacese, 
QQ. Parts of perianth 6, regular, colored . . . .Liliacex, p. 328 
FF. The perianth with parts differently colored. 

o. Leaves in a whorl: stigmas 3 .Trillium in LUiacex, p. 332 
QQ. Leaves alternate: stigma 1 CommelinaceWt p. 334 
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SB. Perianth-tube adherent to ovary wholly or partly: 
flowers perfect. 

F. Anthers 3 Iridacese, p. 337 

FF. Anthers 6 Amaryllidacese, p. 335 

FFF. Anthers 1 or 2, united with pistil, gynandrous 

Orchidaceae, p. 339 
cc. Dicotyledons: cotyledons 2 or more: leaves mostly netted- 
veined, usually falling with a distinct joint or articula- 
tion: stem with concentric layers of wood when more 
than one year old (exogenous), and a distinct separable 
bark: flowers mostly 5-merous or 4-merous (comprising 
the remainder of this key). 
D. Choripetalse: petals distinct or wanting (i. e., flowers 
polypetalous, apetalous or naked, in distinction from 
gamopetalous, dd, p. 319). 
E. Flowers characteristically apetalous; mostly small and 
often greenish, inconspicuous. 
F. Plants woody. 

G. The flowers monoecious or dioecious, one or both 
sorts in catkins. 
H. Fertile flowers in short catkins or heads: csXyx. 
regular in the pistillate flower, becoming 

fleshy or juicy in the fruit (juice milky) 

Urticaceae, p. 345 
HH. Fertile flowers 1-3 in a cup-like involucre: 
or 2 or 3 at each scale of the pistillate catkin: 
fruit dry, often winged, or a 1-seeded nut: 

sterile fls. in elongated catkins Cupuliferaej p. 342 

oo. The flowers not in catkins. 

H. Calyx-tube adherent to ovary: climbing 

Ariatolochiaceae, p. 348 
HH. Calyx-tube hypogynous. 
I. Leaves opposite. 

J. Fruit a double samara, 2-winged 

Sapindacese^ p. 343 
jj. Fruit a single-winged samara or l-seeded 

drupe: stamens 2 Oleacese, p. 388 

jjj. Fruit not winged: 3-seeded: stamens 4 

Euphorbiaceae^ p. 351 
n. Leaves alternate. 

J. Styles or stigmas 2 or 2-cleft; stamens 
equal the calyx-lobes and opposite to 

them Urticacex, p. 346 

JJ. Styles or stigmas 3, each 2-cleft: pod 3- 
celled and 3-seeded: flowers 3-parted: 
fruit a dry capsule: stam^is 8 to many.. . 

EuphorhtacesBt P* 351 
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FF. Plants herbaceous: flowers not in catkins or aments. 
G. Ovary inferior, 6-celled: stamens 6 or 12 

• AHstolochiacese, p. 348 
OG. Ovary superior, 1-celled. 

H. Stamens indefinite Ranunculacea, p. 366 

HH. Stamens few (4-12). 

I. Styles 2-3: stipules sheathing stem at nodes 

of the alternate leaves PolygonacesBt p. 349 

II. Style single: stipules not sheathing stem 

Urticacese, p. 346 

GGG. Ovary superior, 3-celled Eupfiorbtacex, p. 351 

EE . Flowers characteristically polypetalous, generally showy. 
F. Plants woody. 

Q. The stamens numerous (more than 10). 
H. Leaves alternate. 

I. Ovary 1, simple or compound, or ovaries 
numerous; fruit a drupe or fleshy: stamens 
distinct, inserted on the cupHshaped recep- 
tacle Rosacese, p. 385 

n. Ovaries many or numerous: stamens many, 

monodelphous Malvacess, p. 372 

HH. Leaves opposite: ovary single, 2-5-celled: fruit 

a dry capsule Saxifragacese, p. 393 

GQ. The stamens 10, or less than 10. 

H. Stamens 2 (rarely or accidentally 3 or 4) : fruit a 

drupe, or 2-celled berry or 2-celled pod 

Oleaceae, p. 420 
HH. Stamens 5, alternate with petals: fruit a berry. 

Saxifrdgaceae, p. 393 
HHH. Stamens 5 or 10 united at base, some sterile: 
leaves simple: fruit 5-lobed, carpels separating 
from central axis when ripe ...... Geraniacex, p. 373 

HHHH. Stamens 6-10: leaves compound: fruit a leathery 
1-3-valved pod and flower irregular: or, fruit 
a 3-celled inflated (bladdery) pod and flowers 

regular Sapindacese, p. 376 

HHHHH. Stamens usually 10, monadelphous, diadel- 

phous, or distinct: fruit a legume 

LeguminofXt p. 379 
FF. Plants herbaceous. 

G. The stamens 10 or more. 

H. Ovary 1, simple: fruit a l-2Hseeded berry 

BerhertdacesB, p. 360 
HH. Ovaries several, simple. 

I. Stamens indefinite, hypogynous 

RanuncuUicesB, p. 365 
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II. Stamens indefinite, inserted on cup-like recep- 
tacle Rosacea:, p. 386 

HHH. Ovary compound. 

I. Water plants: leaves flat and floating, or 

heart-shaped and erect NymphsBOcea, p. 361 

II. Land plants. 

J. Ovary compound and 1-celled. 

K. With central placentse, many-ovuled: 

plants juicy (watery) Portulacacese, p. 371 

KK. With 2 or more parietal placenta: colored 

or milky juice Papaveracea, p. 362 

KKK. With 3 or more parietal placenta: leaves 
opposite: juice not milky: flowers 

yellow, cymose Hypericacese, p. 370 

jj. Ovary compound, several-celled: stamens 

monadclphous Malvctcese, p. 372 

QO. The stamens 10 or less in number. 

H. Ovary single. 1-celled, simple or compoimd. 
I. Corolla regular or nearly so. 
J. Sepals and petals 4-5 each. 
K. Leaves alternate. 

L. Stigma 1 Leguminosw, p. 379 

LL. Stigmas 4 Saxifr<ioacese, p. 393 

KK. Leaves opposite, punctate: flowers yellow. 

Hypericacese, p. 370 
KKK. Leaves opposite, not punctate: flowers 

pink, red, white CaryophyUacese, p. 353 

JJ. Sepals 2: petals 4-5 Portulacaceae, p. 371 

jjj. Sepals 6: stamens hypogynous, opposite 

to the petals BerhericUicese, p. 360 

II. Corolla irregular. 

J. Fruit a legume LeffuminoasB, p. 379 

JJ. Fruit a capsule. 

K. Petals 5 : stamens 5 : pod 1-celled, 3-valved. 

ViolacesB, p, 369 
KK. Petals 4: stamens 6, diadelphous: fruit 
2-valved (globular) 1-seeded, indehis- 

cent in Fumaria Fumariacex, p. 363 

HH. Ovary 2-5-celled : fruit dry. 

I. Fruit of 2 dry seed-like carpels: flowers small, 

umbeiled or in heads: stamens 5. . Umbelliferae, p. 397 

II. Fruit a 2-celled pod, silique or silicle, or some- 

times loment, or indehiscent and nut-like: 
flowers not truly umbeiled, but solitary or 
in racemes. 

J. Stamens 6: sepals 4: petals (0 or) 4 

CruciferaBt p. 365 
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n. Stamens 4-8, distinct or monadelphous; fls. 
very irregular: sepals 5, unequal and some 
of them colored: petals 3 (or -5, with 2 

scale-like): pods 2HBeeded PolygalacesB, p. 378 

m. Fruit (or ovary) a 4-celled capsule: stamens 2, 

4 or 8: petals 0, 2 or 4 Omigrctceae, p. 396 

nn. Fruit (or ovary) a 6-celled capsule. 

J. Leaves simple, evergreen: seeds minute, 
inniunerable: plants white, or yellowisl), 
parasitic or saprophytic about the roots 

of trees Ericaceae^ p. 423 

Jj. Leaves simple, more or less lobed or divided, 
capsule 5-10-seeded: or stem succulent 
and translucent: pod walls elastic, each 

cell severalnseeded Geraniaceae, p. 373 

jjj. Leaves compound, palmateiy 3-foliolate .... 

Oxalis in Geraniacea, p. 373 
inii. Fruit of 2 follicles, seeds hairy tufted: juice 

milky AaclepiacUicese, p. 417 

DD. Gamofetalue: corolla in one piece, at least toward tne 
base (as if the petals were more or less united): calyx 
and corolla both present. 
s. Stamens more numerous than corolla-lobes. 

p. Ovary 1-celled, 1 parietal placenta: fruit a legume.. . 

Leguminossc, p. 379 
Fr. Ovary 3, several-celled. 

G. The stamens nearly or quite free from corolla: 

style 1 Ericaceae^ p. 423 

GO. The stamens free from corolla: styles 6 

Oxalis in GeranicLcese, p. 373 
ooo. The sttunens on base of corolla-tube: filaments 

monadelphous Malvacese, p. 372 

BE. Stamens as many in number as the lobes of the corolla 
and inserted opposite to the lobes: ovary 1-celled: 

style and stigma 1 : pod several to many-seeded 

Primulaceae, p. 422 
EEE. Stamens equal in number to lobes of corolla and alter- 
nate with them, or fewer in number, 
p. Ovary inferior. 

o. The stamens distinct, inserted on corolla, 4 or 
6: ovary 2-5-celled. 

H. Leaves whorled or opposite with stipules 

Rvhiaceae, p. 426 

HH. Leaves opposite, without true stipules 

Caprifoliaceae, p. 427 
GO. The stamens inserted on corolla and united by 
anthers. 
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H. Flowers in a head with involucre subtending 

Compositse, p. 431 
HH. Flowers not in involucrate heads, but separate: 

corolla irregular LobeUacesB, p. 431 

OGO. The stamens not inserted on corolla and not 
united to each other: no stipules: juice milky. . . . 

CampantUacesB^ p. 430 
IT. Ovary superior. 

Q. Corolla irregular: stamens 4, in 2 pairs: or 2 
stamens: the ovary deeply 4-lobed around the 
style: fruits 4 dry nutlets: stem square. .Lo&iato, p. 400 
GO. Corolla somewhat irregular: stamens 5, inserted on 
corolla. 

H. The ovary deeply 4-lobed about the style 

Echium in Borragiruiceae, p. 412 
HH. The ovary not lobed: pod manynseeded: fila- 
ments all or some woolly 

Verbascum in ScrophulariacesBt p. 405 
ooo. Corolla regular: stamens equal in number to the 
lobes of the corolla. 
H. Ovaries 2, distinct: Ivs. opposite: juice milky: 
styles or stigmas united into 1. 

I. Stamens separate, inserted on corolla: corolla 

bell -shaped, funnel- or salver -formed:* 

pollen granular, as usual Apocynacese, p. 418 

u. Stamens monadelphous, anthers attached to 
stigma: a crown of hood-like appendages each 
containing an incurved horn, borne on the 
stamen-tube: pollen cohering in masses (waxy 

or granular) Aaclepiadacex^ p. 417 

HH. Ovary 1, deeply 4-lobed around style (2-lobed 
in Heliotropium). 

I. Leaves alternate: plants usually rough-haiiy . . . 

BorraginacesB, p. 412 

II. Leaves opposite: stems square 

Mentha in LabiatWt p. 400 

HHH. Ovary 1, not deeply lobed, 1-celled: ovules 
parietal, or 2 parietal placentse. 
I. Leaves simple, entire, opposite, exstipulate. . . . 

Gentianacese, p. 417 

II. Leaves toothed, lobed or pinnately compoimd, 

mostly alternate HydrophyUaeete, p. 415 

HHHH. Ovary not deeply lobed, 2-10-celled. 

I. Leaves none: parasites, twining 

Cuscuta in ConvolvulacesBf p. 411 

II. Leaves opposite, without stipules. 
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J. Stamens free from, corolla but inserted with 

it: style 1 Ericacese, p. 423 

jj. Stamens inserted on tube of corolla. 

K. Number of stamens 4 in 2 sets: ovary 

2-4-celled (cells 1-aeeded).,. Verheruiceae, p. 403 
KX. Number of stamens 5 or (rarely) more. 

L. Fruit 2 or 4 nutlets. . . . BorrdginacetBt p. 412 
LL. Fruit a pod, few-seeded. 

M. Calyx 5-lobed: styles 3-cleft 

PolemoniaceaBt p. 416 
MM. Calyx 5-lobed: style 1 or 2, or 2-cleft: 
ovary 2-celled (rarely 3-celled): 
seeds good-sized, 1 or 2 per cell: 

generally twining herbs 

Convolwiaceae, p. 411 
LLL. Fruit a pod, many-seeded, or a berry: 

style 1 SolanacesBj p. 408 

GOGG. Corolla regular or irregular: stamens fewer than 
the corolla-lobes. 
H. Stamens 2: ovary 4-lobed: corolla nearly 

equally 4-lobed Lycopus in Labiatse, p. 400 

HH. Stamens 2 (rarely 3): ovary 2-celled. 

I. Woody plants, shrubs or trees: corolla regular, 

4-cleft Oledceae, p. 420 

II. Herbs: corolla wheel-shaped or salver-shaped, 
with a 4-parted (rarely 5-parted) border, 

or somewhat irregular 

Veronica in Scrophularictcese, p. 408 



A, CRYPTOGAMS. 

I. FILICES. Ferns. 

Herbaceous and leafy plants, ours without steins or trunks above 
ground, but producing perennial rootstocks: plants flowerless and 
seedless, but bearing spores in sporangia, the latter collected into 
sori which are usually borne on the under side or margins of the fronds 
and which are sometimes covered with an indusium. — Most abundant 
in warm countries, of about 4,000 species, of which about 165 are native 
to the United States. The leaflets of fern-fronds are pinnae; the second- 
ary leaflets are pinnules. 

A. Fruit borne in contracted' panicles or on specially con- 
tracted parts of the frond, these parts being devoid 
of resemblance to green leaves. 
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B. Sporangia large and globose, without a ring of special 

cells running around their margin 1. Oamunda 

BB. Sporangia with a ring of prominent elastic cells run- 
ning around the margin, and which are concerned 

in the dehiscence 2. Onoclea 

AA. Fruit borne on the back of green fronds (the fruiting 
pinniB sometimes narrowed but still leaf-like), sporan- 
gia with a ring of elastic cells. 

B. Sori naked (no indusium) 3. Polypodium 

BB. Sori borne under the reflexed margins of the frond. 
o. Pinnae entire on the lower edge, somewhat trian- 
gular in outline 4. Adiantum 

cc. Pinnse toothed on both margins, oblong in outline... 6. Pteria 
BBB. Sori covered with a distinct scale-like indusium. 

c. Shape of sori oblong 6. Asplenium 

cc. Shape circular. 

D. Indusium circular-peltate, without a sinus 7. PolysHckum 

DD. Indusiimi reniform, or if circular with a narrow 

sinus 8. Aspidium 

1. OSMtfNDA. Flowebing Fern. 

Strong ferns from stout creeping rootstocks, with large, pinnate fronds: 
sporangia covered with interwoven ridges, but wanting the elastic ring of 
most ferns. Inhabitants of bogs and wet woods. 

O. regUis, Linn. Royal fern. Top of the frond contracted into a fruit- 
ing panicle: frond 2-pin- 
nate, the pinnae oblong, ob- 
tuse, and nearly entire. 

O. CUytoniina, Linn. 
Fig. 479. Two to four pairs 

>' of the frond cositracted into 

fruit-bearing parts: pinnae 
linear-lanceolate and acute, 
deeply lobed. 

O. cinnamdmea, Linn. 
479. Omaund. Otaytonima Oeft). Osmunda cinnamon fern. Fig. 479. 

Some fronds entirely con- 
tracted into fruiting parts, and these cinnamon colored (whence the ver- 
nacular name): sterile form with the fronds much like those of O. C/dy- 
ioniana in shape except more acute at top. 

2. ONOCLEA. Sensitive Fern. 

Mostly rather strong ferns, with broad sterile fronds and with the fertile 
fronds rolled into hard contracted fruiting bodies, which remain after the 
sterile leafy fronds have perished: sporangia with an elastic marginal ring 
of cells. Bogs and old springy fields. 
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O. lensfbilis, Linn. Sensitive fern. Brake. Fig. 337. Sterile frond 
triangular-ovate, the pinnse not extending quite to the midrib and toothed: 
fertile frond usually lower than the other (1-2 ft. high), with a few pinna. 
Common in old pastures. 

O. Stnithi6pteri8, Hoffm. Ostrich fern. Very tall (2-5 ft.), the 
sterile fronds narrow, once-pinnate, with long-lanceolate acute-lobed 
pinnae: fertile fronds much shorter, blackish, with many pinns. 

3. POLTPdDIUM. PoLTPODT. 

Small ferns, with simple or once-pinnate fronds from slender creeping 
rootstocks: sori round, borne at the ends of little veins. On dry cliffs. 

P. vulgAre, Linn. Common polypody or polypode. Figs. 333, 334. 
Fronds a foot or less tall, narrow-oblong in outline, pinnatifid, the lobes 
nearly or quite entire: fertile pinnse not contracted. 

4. ADIAnTUM. Maidenhaib Fbrn. Fig. 336. 

Small ferns with compoimd forking fronds and wedge-shaped or some- 
what triangular pinns, shining stipes or petioles, and sori borne at the 
ends of the veins under the reflexed margins of the pinns. 

A. peditum, Linn. Common maidenhair. Plant 2 ft. or less high, the 
leaves forking into several or many long pinnse which bear broad pinnules 
notched on the upper margin. Cool, shady woods. Very graceful. 

5. PT^RIS. Brake. 

Coarse ferns of mostly dryish places, with long pinnse: sporangia borne 
beneath the reflexed margin of the pinnules, on small, transverse veins. 

P. aquilina, Linn. Common brake. Figs. 139, 335. Fronds broadly 
triangular, twice- or thrice-pinnate, the pinnules long-lanceolate, acuminate, 
and lobed. Common in sunny places: perhaps our conmionest fern. Two 
to 3 ft. high, growing in patches, particularly in burned areas. 

6. ASPL^NIUM. Spleenwobt. 

Middle-sized ferns, mostly with pinnate leaves': sori oblong or linear, 
borne on the upper side of a veinlet, or back to back on opposite sides of 
the veinlet, these veinlets not interwoven. 

A. Filiz-fdbmina, Linn. Lady-fern. Large, the fronds 2-3 ft. tall, 
growing many together, twice-pinnate, the pinnules oblong-pointed and 
sharp-toothed: sori short and close together, at maturity becoming more 
or less continuous. A very conmion fern in moist woods and copses. 

7. POLf STICHXJM. Christmas Fern. 

Much like the last in general appearance, but the sori circular and 
covered with peltate indusia. 

P. acrostichoides, Kuntze (Aspidium acroetichoidea, Swartz). Chriatmaa 
fern. Figs. 331, 332. Fronds 2 ft. or less tall, narrow, once-pinnate, the 
pinnae serrate and bearing a larger tooth on the upper side near the base, 
the terminal part of the frond somewhat contracted in fruit. Conmion in 
woods. Nearly or quite evergreen. 
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' 6. ASPIDIUH. Sbibld Fbkn. 

RflBemblea Polysticbum but with remforai iadusia or. if circular-fieltate, 
having a diatinct Binua along one dde. 

A. Thel^eriB, Swarti {Dryopteris The- 
tt/pUnt, Gray), ilarah ahietd /em. Fronds 
standing 2 ft. high, long-poiat«d, oace-pin- 
Date, the piiuuE many-lobed, the marginB of 
the fertile fronds revolu1«. 

A. nMrginlle, Swarti (Dryoplffria mar- 
ginalia. Gray), Fig. 480. Large, handsome 
.^ .... - , fern growing in woods and ravints. 2 ft. 

•ou. Aapidium nuTEinale. . - i. p j . .. .i_ . 

high: fronds once-pmnate, the pinnie pinna- 
tifid and kknce-acuminate: son large and close to the niargiii of the frond: 
petiole chaffy. 

AA. PHENOGAMS: B. GYMNOSPERMS. 

II. CONlFER.^. CONB-BBARINQ Or PlNB Fauilt. 

Woody plants, mostly trees, with resinous sap and stiff needle- 
ehaped orscale-Uke, mostly evergreen leaves: plants bearing do ovaries, 
the ovules lying naked aod receiving the pollen directly: flowers 
diclinous (usually moncecious), generally in scaly catkins, those cat- 
kins bearing the pistillate flowers maturing into cones but sometimes 
becoming berry-like (as in jumpers). Above 300 species, one-third 
of which inhabit North America: particularly abundant in elevated 
and mountainous regions. 

A. Cone dry, with overlapping scales. 

B. Scales many and cones 1 in. or more long. 

a. Leaves long and needle-like, in sheaths or bundles of 

2-5, persistent 1. Pinu* 

cc. Leaves short, scattered, persistent. 

I, Ivs. 4-sided: sessile 2. Picea 

1. IvB. flat: short-petioled 3. Truott 

ccc. Leaves short but very slender, in clusters, deciduous. 4. Larix 

BB. Scales few (3-12), the cones about Hio. long 6. Thuja 

AA.. Cone modified into a fleshy, berry.^i][e body 0. Jumpenta 

1. ^ITDS. Pine. 

Trees with long, persistent, needle-shaped, angled leaves, in bundles of 
2-5. and with scale-like deciduous leaves on the young branchlets; sterile 
catkins usually borne at the base of the new shoot: fertile cones maturing 
the second year, often hanging on the tree for years: cotyledons several. 

P. Stidbua, Linn. White pine. Figs. 158, 299. Large forest tree, much 
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UBed for lumber: leaves long and soft, light greeo. ia S's: cones long and 
symmetrical, with thiD-edged scales, termitis] on the shoota and fallinK 
after shedding the seeds. Grows bb far 
south as GeorRJB. 

P. palfistris. Mill. Limg-leajied pine. 
Very tall tree, with nearly smooth bark: 
leaves very long and slender (usually a 
foot or more), clusters at the ends of the 
branches, in 3'b: cones 6 in. or more 
long, the scales tipped with a short 
curved spine. Lumber tree. VirginiB, 

P. rigida, Mill. Pitch pine. Fig. 481. 

Medium-siaed or small tree with rough 

dark bark: leaves short and sUtT, usually ,„, _, . .. 

in 3 s: cone 2-3 m. long, conical, the . old open cone at the Wt. 

scales with a short spine. Grows as far 

south as Virginia; common in pine barrens of the north Atlantic coast. An 

eastern species. 

P. sylvSBtrls, Linn. Scotch pine. Pig. 482. Medium-siied tree, with glau- 
cous araen leaves in 2's: Cone short, the scales tipped with a prickle or point. 
Europe; very commonly 
planted. 

P. auBttiaca, H5ss. 
Xusfrton pine. Fig. 483. 
Large tree with rough 
bark, and long, dark 
green stiff leaves (about 
6 in. long) in 2's: cone 
about 3 in. long, the 
scales not prickly, 
Europe. commonly 
planted; a coarser tree 
482. Piniusylveetris (left). Pinus nuBtrisBa. than the Scotch pine. 

2. PtCEA. Spbuce. 

Trees of medium or large site, with short, scattered leaves: eonea 
maturing the first year, hanging at maturity, their scales thin. 

P. Abies, Karat. {P. excelsa. Link). Nnrway ipruce. Figs. 297, 298, 
Becoming a tall tree: cones 5-7 in. long, the large scales very thin-edged. 
Europe, but the commonest of planted evergreens. Until 25-40 yeara old, 
the trees are symmetrical cone-shaped 
specimens, holding their lower 
branches. 

P. nuuilna, B.8.P. {P. nigra, [ 
Link). Black ipnute. Fig. 483. Becom- 4S3. Reea 
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ing a middlA'CiMd tree, with dull, dark foliaEe; oonce IH in. or len long, 
usually tiangiTig for several yean, the edges of the acolee often irreKuIar. 
Cold woods, as far south as North Carolina in 



3. TSOGA. HuflLOCX Sfbdcb. 

DifFers from Picea in havioK 
Bat 2-raiiked petioled leaves: cooes 
hoDging on the end of last year's 
branchea. 

T. caiudtnili, Carr. Hemlock. 

Fig. 484. Large forest tree, with 

ctamd ui deep-furrowed, dark bark and 

coarse wood: leaves whitiab be- 

inch long, compact. Common lumber tree. Bark much 



4. LASIX. Labcb. 

Trees of mediiun sue: leaves soft, short, in fascicles or clusten on 
short branchlets, falling in autumn: cones much like those of Picea. but 
standing erect at maturity. 

L. decIduB, Mill. (L. europaa. DC). European torch. Leaves I in. 
long: cones of many scales, about 1 in. long. Planted for ornament and 

L. laridna, Koch (L. americaita, Michx.). Tamarack, HackmaUuA, 
Leaves shorter and pale in color: cones of few scales, >^ in. or leu long. 
Swamps. 

' 6. THOJA. Arbobvita. 

Trees, becoming large: leaves opposite, closely appressed to the branch^ 
lets, the latter frond-like: cones small, oUong or globular, of few scales. 
Leaves awl-like on new growths and scale-like on the older growths. 

T. occidentUis, Linn. ArbenrUa. White cedar of some places. Fig. 
485. Conea H •". or less long, bearing 2-winged seeds. Swamps and cold 
woods, as far south as North Carolina in 
the mountains. Very commonly planted 
aa a hedge evergreen and as single speci- 
mens, but in the wild becoming very large 
trees and much used for telegraph poles. 




6. JUHIPEHUS. JcNiPBH. 

Small trees or shruba, w 
or whoried awl-like leaves (often u. i»u ^„, _ , .... 

kinds) : fertile catkin of 3-5 fleshy scal«. *^- ^"^ "™d™'»^ 

which cohere and form a berry-like fruit containing 1-3 hard seeds. 

J. comniilnit. Lion. Common juniper. Shrub, erect or usually spreading 
and tying close to the ground, with leaves in whorls of 3 and all alike (awl- 
like): berries large and smooth. Banks and sterile ground. 
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J. Tirginiina, Liim. Red cedar. Savin, Small tree or large 8hrub« 
usually narrow pyramidal in growth, with leaves of two kinds (scale-like 
and awl-like, the former small and lying close to the branch) : berry glaucous: 
heart-wood red and highly scented. Common on banks and in old fields. 



BB. ANQIOSPERMS: C. MONOCOTYLEDONS. 

III. ARACEiB. Abum Familt. 

Perennial herbs, with rhizomes or conn-like tubers and acrid juice: 
flowers ininute, often diclinous and naked, borne on a spadix and 
surrounded or attended by a spathe: fruit usually a berry, the entire 
spadix usually enlarging and bearing the coherent berries in a large 
head or spike. Leaves often netted-veined. Mostly tropical plants, 
and some of temperate regions, many of them odd and grotesque. 
Genera about 100; species about 1,000. Representative plants are 
skimk cabbage, jack-in-the-pulpit, calla, caladium, anthurium. 

A. Leaves compound 1. AriasBma 

AA. Leaves simple. 

B. Spathe hooded or roofed at the top 2. Symplocarpua 

BB. Spathe open or spreading at the top 3. Richardia 

BBB. Spathe open and spreading for its whole length 4. Calla 

BBBB. Spathe separated from spadix, appearing lateral. . . .5. Acorua 

1. ARIS^MA. Indian Turnip. Jacx-in-the-Pttlpit. 

Stem arising from a corm-like tuber, and bearing 1 or 2 compoimd leaves 
with sheathing petioles: flowers naked and diclinous, the pistillate at the 
base of the spadix and the staminate above them (or the plant dioecious), 
the top of the spadix not flower-bearing; staminate flowers of a few sessile 
anthers, and the pistillate with 1 sessile ovary, which ripens into a red few- 
seeded berry. Plants of spring or early summer^ in rich woods. Tuber 
very pimgent, often used in domestic medicine. 

A. triph^llum^ Schott. Jack-in-ihe-ptUpit, Common Indian turnip. 
Fig. 251.* Leaves usually 2, each bearing 3 oblong elliptic pointed leaflets: 
spathe purple-striped, curving over the spadix. 

A. Drac6ntittm, Schott. DragonHrooL Leaf usually 1, with 7-11 narrow 
oblong leaflets: spathe greenish, shorter than the spadix. 

2. STMPLOCARPUS. Skunk Cabbaob. 

Leaves and flowers arising from a strong rootstock, the Ivs. very large 
and appearing after the spathes: fls. perfect, each with 4 sepals, 4 sttunens 
and single ovary which is sunk in the fleshy spadix: fruit made up of the 
fleshy spadix with imbedded fleshy seeds: spathe pointed and arching, in- 
closing the spadix. Common in wet meadows in the northeastern states. 
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S. fdbtidut, Nutt. Spathes purple, arising in the earliest springf leaves 
very large (often 2 ft. long), simple and entire, ovate, in tufts. The tufted 
leaves and fetid odor give the plant the name of skunk cabbage. 

3. RICHARDIA. Calla Lily. 

Leaves several from «ach short rootstock, their pe- 
tioles sheathing the flower-scape: flowers naked and 
diclinous, the stamens above and the 3-loculed ovaries 
below on the spadix: spathe large and showy, the top 
flaring and the base rolling about the spadix. Several 
species are cultivated, but the following is the only com- 
mon one. 

R. africina, Kunth. CaUa or Calla lily of gardens. 
Fig. 486. Leaf-blades broadly arrow-shaped, simple and 
entire, cross-veined, glossy: spathe white and wax-like. 
Cape of Good Hope. 




486. Biohardia 
africana. 



4* CALLA. Water Arxtm. 

Differs from the above in having a spathe which does not inclose the 
spadix, and mostly perfect flowers (the upper ones sometimes staminate), 
each of 6 stamens and 1 ovary: fruit a red berry. One species. 

C. paliistris, Linn. True calla. Fig. 487. Leaves about 1 ft. high, the 
blades arrow-shaped: spathe about 2 in. long, white on the upper face. 
In cold bogs, north. 

5. ACORUS. Sweet Flag. Calamus. 

Erect, having long, horizontal, branching root-stocks, thick and aromatic : 
leaves sword-shaped, rising from the rootstocks: scapes 3-angled, bearing 
each a cylindric spadix, but much prolonged and leaf-like, causing the 
spadix to appear as if borne on the side of the leaf -like scape: flowers on a 
very dense spadix: ovary oblong, 2-4-celled, with 2-8 
ovules in each cell. 

A. C&lamus, Linn. Sweet flao. CaJamita^oot, Along 
the mar^^ins of streams, in swamps and wet soils. 
Leaves 2-3 ft.: flowers greenish-yellow, very small. 
May to July. The rootstocks supply "sweet flag roots" ,^_-- 
of the druggists. KmlT il\S 

IV. ULlACE^. Lily Family. 




487. Calla palustria 



Herbs, with bulbs, conns, or large rootstocks: 
fls. mostly regular and showy, the perianth of 6 
separate or coherent parts, the stamens usually 6 and standing in front 
of the parts of the perianth: ovary superior, usually 3-loculed, ripen- 
ing into a capsule or berry. About 200 genera, including more than 
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2,000 widely distributed species. Characteristic plants are lily, lily-of- 
the-valley, onion, Solomon's seal, tulip, trillium, hyacinth, asparagus, 
yucca. 

A. Fruit a loculicidal capsule. 
B. Style 1, undivided. 

c. Plant bulbous: root-leaves not in large clumps. 

D. Stem tall and leafy 1. LUium 

DD. Stem short, with only 2-6 leaves. 

B. Flower erect 2. Tulipa 

BE. Flower nodding. 3. Erythronium 

DDD. Stem naked, bearing many flowers. 
E. Perianth tubular, 
p. Flowers funnelform, throat open: lobes 
spreading or recurved, as long as the 

tube 4. Hyadnthua 

FF. Flowers urn-shaped, constricted at throat; 

lobes much shorter than tube 6. Muscari 

BE. Perianth parted nearly to base 6. Omithogalum 

CO. Plant with a rootstock, and large cliunps of 
leaves. 
D. Flowers yellow and paniculate on a somewhat 

branching scape 7. Hemerocallis 

DD. Flowers white or blue, mostly in a simple 

raceme 8. Funkia 

BB. Style 1 at base, but 3-cleft or 3-parted; flowers 

bell-like, drooping, yellow 9. Uvularia 

AA. Fruit an angled berry: styles or stigmas 3: leaves 

broad and netted-veined 10. Trillium 

AAA. Fruit a globular berry: style 1: fls. small white, or 
greenish. 
B. Foliage made up of cladophylls, the true leaves 
being mere scales: stamens borne on the base 

of the small corolla 11. Asparagus 

BB. Foliage of ordinary leaves: stamens borne on the 
corolla-tube. 

c. Perianth of 6 parts» separate 12. SmUacina 

CO. Perianth of 4 parts 13. Maianthemum 

ccc. Perianth gamosepalous, with 6 lobes. 

D. Flowers racemose on a scape 14. ConvaUaria 

DD. Flowers hanging from the axils of the leaves. . 15. Polygonatum 

1. LILIUM. Lilt. 

Strong-growing bulbous herbs, with leafy stems usually bearing several 
or many flowers: perianth bell-shaped or funnelform, the 6 divisions nearly 
or quite separate and spreading or recurving and having a honey-bearing 
groove at the base: anthers attached by the middle (versatile). 
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a. Flowers white, 

L. longifldniiii. Thunb. Easter lily. One to 4 ft., with scattered lonfi;. 
lanceolate pointed leaves: flowers 5-8 in. long, horizontal, scarcely 
widened from the base to the middle, fragrant. Japan and China, now 
much cultivated under glass. Many of the bulbs are grown 
in the Bermuda Islands, whence the name "Bermuda lily." 
L. c&ndidum^ Linn. Common white lily. Leaves broad- 
Umoeolate, scattered: flowers numerous, 5 in. or less long, 
widening gradually from the base. Europe. Common in 
gardens. 

aa. Flowers in shades of yellow or orange. 

L. philadilphicttm, linn. Fig. 488. Flowers 1-3, erect, 
2-3 in. long, orange-red and spotted, the divisions separate: 
leaves whorled. Dry soil. 
phtuSelphioam. L. canad^nte, Linn. Wild orange^ed lily, WoodlUy, Two 

to 5 ft., with leaves in whorls and bulbs producing rhizomes 
or runners: fls. several or many, erect or horizontal on long 
stalks, the divisions spreading above the middle, orange or 
red and spotted. Meadows and swales. 

L. supirbum, Linn. Turk's-cap lily. Fig. 489. Very tall, 
bearing several or many nodding red-orange spotted flowers 
in a panicle, the segments all pointing backward. Meadows 
and low grounds. 

L. tigrinum, Ker. Tiger lily. Fig. 31. Four to 5 ft., 
bearing a loose cottony covering on the stems: leaves sessile, 
scattered, lanceolate: flowers many, nodding in a i)anicle, 
orange-red and black-spotted, the divisions about 4 in. long 
and rolled back. China and Japan; old gardens. 





489. liUum 
0iQ>erbuiii. 



2. TtTLIPA. Tulip. 

Low bulbous plants with a few leaves near the ground on the 1-flowered 
stem: flower large, erect, the 6 divisions erect or flaring: capsule triangular. 
T. GesneriAna. Linn. Common tulip. Leaves 3-6, broad: peduncle 
glabrous: divisions of the flower broad at the end, with a 
very short point in the center: late-blooming tulips, orig- 
inally from Asia Minor. 

T. suavdolens, Roth. Diu: Van Thai tulip. Early and 
dwarf, with fewer leaves, downy pedimcle, and acuminate 
segments. Caspian Sea; common in cultivation. 

3. ERYTHR6NIUM. DoQ'fiHrooTH Violet. 

Low herbs with deep-seated conical bulbs, and scape 
with 2 leaves near the ground: flower nodding, the 6 divi- 
490. Erythronium s^^*^ wide-spreading or recurved, the style long and dub- 
amerioanum. shaped. Blooming in earliest spring. 
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B. americAnum, Smith. Common doo*9-tooth violet, or adder* a-4onoue. 
Fig. 490. Leaves thickish, oblong-lanceolate, mottled with purple: flower 
light yellow, nodding on a stem 3-6 in. tall. Low grounds. 

B. &lbidttm, Nutt. White adder* a4Qngue. Leaves scarcely mottled: 
flowers whitish. Low grounds. 

4. HYACInTHUS. Hyacinth. 

Low plants, with large bulbs, producing many flowers in spikes or dense 
racemes on a short scape, the leaves arising directly from the bulb: flowers 
bell-shaped or funnelform, the 6 lobes spreading or curling back. 

H. orientJUif. Linn. Common hyacinth. Fig. 186. Early spring, the 
flowers of many colors and sometimes double, the perianth-tube swollen, 
the oblong-spatulate lobes as long as the tube. Greece to Asia Minor. 

Var. ftlbulus, Baker. Roman hyacinth. Flowers fewer and usually 
smaller, white or nearly so,. the perianth-tube scarcely swollen and the lobes 
shorter. France. Much cultivated. 

5. MUSCARI. Grapb Htacimth. 

Low herbs, with very narrow, somewhat fleshy leaves and small flowers 
in a raceme: perianth deep blue or white, the tube ventricose or urn-shaped, 
with 6 short blunt teeth. 

M. botryoldes. Mill. Orape hyacinth. Flowers faintly odorous, nod- 
ding, deep blue: scape 4-10 in.: leaves linear, obtuse, erect, becoming longer 
than scapes. In grass about gardens and lawns in very early spring; also 
escaped in some places to meadows and along roadsides. Asia. 

6. ORNITHdGALUM. Stab of Bethlehem. 

Stemless low herbs, with narrow linear, fleshy, channelled leaves: 
flowers in terminal clusters, usually with conspicuous bracts: perianth 
of 6 parts, white, spreading, veined: stamens 6; hypogynous: filaments 
flattened, subulate: ovaiy sessile, 3-celled: capsule roundish, 3-angled: 
seeds few, black. 

O. umbellitum. Linn. Scape 4-10 in.; flowers 5-8, on long spreading 
];>edicels: sepals white, each with green band outside. Common about 
gardens. Introduced from Europe. Early spring. 

7. HEMEROCALLIS. Dat-lilt. 

Strong-growing plants from tuberous roots, producing clumps of long 
swoid-shaped leaves: flowers yellow or orange, erect, large and lily-like, in 
dusters or panicles on a tall, branching scape, the divisions widely spread- 
ing at the top. Old World, but common in gardens. 

H. f61va, linn. Orange day-lily. Flowers tawny orange, produced in 
early summer, the inner perianth divisions nearly or quite obtuse. The 
commonest species, and often escaped along roadsides. 

H. fliva, Linn. Yellow day4ily. Plant somewhat smaller, early- 
blooming: flowers fragrant, pure lemon-yellow, inner divisions acute. 
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8. FtfNKIA. Wmm and Bluh Dat-lilt. 

Medium-eised plants, producing dense dumps of broad-bladed leaves 
from rootstocks: flowers blue or white, in racemes on scapes, each flower 
sheathed at the base by 1 or 2 bracts, the perianth-tube long. and the limb 

sometimes irregular. China and Japan; planted by houses 
and along walks. 

F. subcordAta, Spreng. White day-lUy, Fig. 491. Leaves 
broadly cordate-ovate: flowers large and white, in a short 
raceme, not drooping. 

F. ovita, Spreng. {F. cseridea, Sweet). Blue day-lily . 
Fig. 492. Leaves broadly ovate: flowers deep blue, in a long 
raceme, nodding. 

9. UVULARIA. Bellwort. "Wild Oats." 

Low, erect plants, with short rootstocks: stems with 
leaves alternate above, sessile or perfoliate, parallel-veined: 
flowers yellow, drooping, solitary at the end of the forking 
stems, the perianth elongated, bell-shaped, of 6 similar, 
distinct, narrow sepals, each bearing a nectar gland at in- 
side base. Spring-flowering wood plants. 

U. grandifldra, Smith. Large-flowered Bellwort. Ck)mmonly 1-2 ft. 
tall: leaves oblong, whitish-pubescent beneath, and perfoliate: perianth 
smooth on inner surfaces. Common in rich woods. Blooms a little earlier 
than U. perfoliata, 

U. perfoliftta, Linn. Smaller than the preceding: glaucous, leaves per- 
foliate: perianth segments twisted, covered on inner surface with shining 
grains (papillose): flowers somewhat fragrant, pale 
yellow. Common in moist woods. 

U. sessilifdlia, Linn. {Oakeaia sesailifolia). Straw 
lily. Leaves sessile, lance-oval, thin, smooth, pale be- 
neath: stem angled, slender and zigzag: flower green- 
ish-yellow, about 1 in. long. Woods. 




491. Funkia 
suboordata. 



10. TRtLLIUM. Wake-bobin. 

Low herbs from deep-seated corm-like tubers: 
leaves 3 in a whorl, broad and netted-veined: flower 
single, of 3-colored petals and 3 green sepals, the 
latter persistent until the angled, many-seeded berry 
ripens; stigmas 3, often sessile. Plants of earliest 
rich woods. 




'l?fV 



492. Funkia ovata. 



sprmg, growmg m 



a. Flower sessile in, the leaf-wfiorl. 



T. s4ssile, Linn. Flowers dull pilrple, the parts narrow, pointed, and 
nearly erect: leaves sessile, ovate, often blotched with purple. Pennsylvania, 
west and south. 
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aa. Flower stalked in the leaf-whorl, 

T. grandifldrum, Salisb. Common vxike-rohin, or birthroot. Fig. 244. 
Flowers large and white, the peduncle standing erect or nearly so, the 
petals broadest above the middle (obovate) and 2-2)^ in. long: leaves broad- 
ovate, sessile or nearly so. Flowers become rose-pink with age. 

T. erictum, Linn. Flowers smaller, ill-scented, varying from white to 
pink and purple, the peduncle erect or declined, the petals ovate or lanceo- 
late and spreading: leaves broad-ovate. Frequent North, and south to 
Tennessee. 

T. c6muttin, Linn. Flowers not large, white, the peduncle declined under 
the broad leaves; petals ovate-lanceolate, rolled back. Range of the last. 

T. undulitum, Willd. Painted wake-robin. Flowers on peduncles 
erect, or partly declined; segments ovate, or ovate-lanceolate, margined, 
thin, widely spreading, white, penciled with purple stripes at base; sepals 
half as long as petals: leaves ovate, taper-pointed, distinctly petioled, 
obtuse or rounded at the base. Cool damp woods, from New Brunswick to 
Georgia, and west. 

11. ASPARAGUS. Asparagus. 

Mostly tall, often climbing plants with cladophylla and very small 
scale-like true leaves: flowers white or greenish, small, bell-shaped, scat- 
tered or in groups of 2 or 3: fruit a 3-loculed and 1-6-seeded small berry. 

A. officiniUis, Linn. Common asparagus. Figs. 
159, 160. Erect and branchy, the strong young 
shoots thick and edible: berries red. Europe. 

A. plomdtuSy Baker. Fig. 161. Twining, with 

dark, frond-like foliage, small white flowers and 

black berries. South Africa; greenhouses. 

493 

A. medeololdes, Thunb. SmUax of florists (but A-oarami ed 1 id 
not of botanists). Fig. 493. Twining: foliage broad 

and leaf-like: flowers solitary and fragrant: berries dark green. South 
Africa; much grown by florists. 

12. SMILACtNA. Falsb Solomon's Seal. 

Low, erect plants with many small white flowers in racemes or pani- 
cles: perianth 6-parved: fruit a 3-loculed berry: rootstock creeping. 

S. racemdsa, Desf. False spikenard. About 2 ft. tall, somewhat downy, 
with many oblong or oval leaves: flowers in a panicle: berries pale red, 
speckled. Spring and early summer. Rich woods. 

S. stellita, Desf. Nearly or quite smooth: leaves narrower: flowers in 
a simple raceme. Forms patches in low ground. 

13. MAIANTHEMUM. Two-leaved Solomon's Seal. 

Neat little herbs, with slender rootstocks: stems imbranched, few- 
leaved: flowers small, in an open raceme, with usually 2 or 3 pedicels 
together; perianth of 4 ovate, obtuse, spreading segments, united at base: 
fruit a globular 1-2-seeded berry. One species in eastern North America. 
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M. canadinte, Desf. Slender stem, 3-6 in. high, terminated by the 
many-flowered raceme: flowers white: leaves ovate, cordate at base, short- 
stalked. Common in moist woods and on shaded banks, making mats or 
patches. May to July. 

14. CONVALLARIA. LiLT-OP-THB-yALLET. 

Low, spring-flowering herbs from branching rootstocks: flowers gazno- 
petalous, white and waxy, nodding in a 1-sided raceme, the 6 short lobes 
recurving: fruit a red berry. 

C. majUit. Linn. Leaves oblong, numerous from the rootstocks, form- 
ing mats, and about 2 with each scape: flowers very fragrant. One of the 
best-known garden flowers. Europe. The only species. 

16. POLYGdNATUM* Solomon's Seal. 

Mostly strong plants from long running rootstocks on which the scars 
of preceding stalks are very evident (whence the common name): steins 
leafy, bearing nodding gamosepalous flowers in the axils: fruit a globular, 
dark-colored berry. Rich woods, spring. 

P. commutHtum, Dietr. Three to 5 ft. tall : leaves ovate, somewhat clasp»> 
ing: peduncles in each axil, 2-8-flowered: filaments not roughened. 

P. bifldrum, Ell. One to 3 ft.: leaves oblong, nearly sessile, somewhat 
glaucous, hairy: peduncles usually 2-flowered: filaments roughened. 

V. CX)MMELINACEiE. Spiderwort Family. 

Herbs, axiniial or perennial, with flat, narrow leaves, sheathing 
at base: roots fibrous, sometimes thickened: flowers regular or irreg- 
ular, perfect, usually showy, in terminal cymes, usually borne above a 
leafy or spathe-like bract; sepals 3: petals 3, soon decaying or falling; 
stamens 6, hypogynous, some of them often deformed or abortive: 
ovary 2-3-celled, style single, stigma entire or somewhat lobed: juice 
slimy or mucilaginous. More than 300 species, mainly belonging to 
tropical regions. 

A. Flowers irregular, inclosed in cordate spathe-like 

floral leaf; perfect stamens 3 (rarely 2) 1. Commelina 

AA. Flowers regular, or nearly so; bracts leaf -like; 

stamens 6 2. Tradescantia 

AAA. Flowers somewhat irregular, tubular, usually in pairs: 

trailing habit, easily rooting at nodes 3. Zebrina 

1. COMMELtNA. Dat Flower. 

Plants erect or partly procumbent and rooting at joints, succulent, 
branching: leaves petioled or sessile, the floral leaf or spathe cordate: 
flowers recurved on their pedicels and hooded by the floral leaf before and 
after flowering, open for a short time only. 
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C. virginica, Linn. Stem glabrous or somewhat downy, ascending 1-2 
ft.: leaves lanceolate to linear, acuminate: flowers 1 in. wide, the odd petal 
very small. In moist soil. 

2. TRADESCANTIA. Spiderwort. 

Mucilaginous herbs, with stout, succulent stems, simple or branched: 
leaves elongated, narrow, keeled, sometimes purple-veined: flowers in ter- 
minal and axillary umbelled clusters, with leaf-like bracts, not tubular; 
filaments glabrous or bearded. 

T. virginiAna, Linn. Plant green, erect, with linear leaves: flower- 
dusters showy, terminal; corolla over 1 in. broad, the 3 petals deep blue 
(rarely white), longer than sepals; filaments blue, and clothed with hairs. 
Cultivated and wild; mostly in rich soil. Very variable. Flowers quickly 
fading by becoming mucilaginous, but produced all summer. 

T. pildsa, Lehm. Stout, more or less zigzag, stems soft-hairy or nearly 
smooth: leaves lanceolate, tapering at apex, narrowed at base, hairy on both 
sides: cymes terminal and axillary, or on short axillary branches: flowers 
^-1 in. wide. In rich moist soil, woods and thickets, or in shaded places. 

T. flumininsis. Veil. One of the greenhouse plants known as Wandering 
Jew (see Z^mna)^ but leaves usually green and flowers white. South America. 

3. ZEBRtNA. Wandbrinq Jew. 

Low, trailing or partially climbing, rooting readily at the nodes, and 
branching: leaves often striped with purple, green, white, thick and ovate: 
flowers small, more or less irregular, tubular, usually in pairs. 

Z. p6ndula, Schnitzl. Stems trailing, perennial: corolla 3-parted, 
roseate: calyx with short tube, 3-parted: ovary 3-celled, 3-6 ovuled: leaves 
ovate or oblong, heavy or succulent, green and silver stripes above, purple 
beneath. Much used for vases and baskets. A native of Mexico. 

VI. AMARYLLIDACEiE. Amakyllis Family. 

Differs from Liliacese chiefly in having an apparently inferior ovary 
and in bearing its flowers more uniformly on scapes. More than 600 
species in nearly 70 genera, widely dispersed. Representative plants 
are narcissus, daffodil, snowdrop, tuberose, amaryllis. Plants of 
the first three genera may be grown from bulbs in the school-room. 

A. Plants from coated bulbs; stem a leafless scape. 

B. Perianth with a crown or cup in its center 1. Nardaatia 

BB. Perianth with no cup. 

c. Anthers and style pointed 2. Oalanthua 

cc. Anthers and style blunt 3. Leucotum 

AA. Plants from tuberous rootstocks or corms. 

B. Stem tall and leafy 4. Polianthea 

BB. Stem a low, leafless scape 5. Hypoxia 
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., HAfiCfSSOS. NABctsaiTB. Dattodil. 

Low plants producing [ram I to many 6-parted flowers on a scape which 
irises from a tunicated bulb: perianth with a long tube and bearing a cup 

or crown in it« center. Old World, but frequently 

cultivated. 



n. Pse&do-IluCiBSDB, Linn. Trumpet naTei*tus, 
Comnum daffodU. Scape 1-flowered. the flower large 
and yellow with a relatively short tube and a wavy- 
edged crown. Leaves flat and glaucous. Double forms 



Nordssuii TsHlta. 

IT. incomparibilis. Curt. Scape 1-flowerad, the flower about 2 in. or 
more across, yellow, the cylindrical tube 1 in. long, the crown plaited and 
usually a deeper yellow; leaves flat and glaucous. 

aaa. CToum lest Oum half the lervjth a! the dicition, 

R. Tat<tta, Linn. Polyatahua narnanu. Chintit laend til]/- Pig- 494. 
Flowers several to many in an umbel, yellow or white, small, the crawn 
usually darker colored and usually somewhat scalloped: leaves Oat and 
somewhat glaucous. One of the commonest kinds. The c 
to florists as "Paper-white" is a white-flowered form of this 
species. 

IT. poCticns, Linn. Poet's narcisaue. Scape rather dender, 
usually l-flowered, the flower white with the thick rim of 
the very short crown margined with red ; leaves flat, glaucous, 

IT. Jonqnllla, Linn. Joiupal. Scape 2-5-flowered, the 
flowers small and yellow, the tube slender and the segments 
wide.epreading ; leaves linear, somewhat cylindrical. 

2. OALAHTHDS. Snowdbop. 

Small, spring-btooming plants, with a single white flower 
nodding from the top of the scape, followed by grass-like 
leaves: perianth divisions 6. oblong and more or less con- 
cave, the three inner ones shorter, some of them usually ,^lu^ "* 
green-blotched at the tip ; anthers and style pointed. 

G. hItAIIs, Linn. Siunvdrop. Fig. 405. One of the earliest of spring 
flowers, appearing as soon as the anow ia gone, the flower and leaves arising 
from a small bulb: scape 6 in. or less high: inner divisions of Ihe bell-shaped 
Sower tipped with green. Europe. 



1 . 
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3. LEUCdlUM. Snowflaejb. 

Flowers often more than 1: divisions of the perianth all alike: anthers 
and style blunt: otherwise very like Galanthus. 

L. v6mum, Linn. Snowfiake. Taller than the snowdrop (about 1 ft.)^ 
the scape usually 1-flowered, blooming later, the flowers larger. Europe. 

4. POLIANTHES. Tuberose. 

Leafynstemmed lily-like plants, with a thick, tuberous rootstock (whence 
the name tuber-ose not tvhe-rose), bearing an erect spike of white flowers; 
perianth with a short slightly curved tube and 6 spreading nearly equal 
divisions: stamens included in the tube (not projecting). 

P. tuberdsa, Linn. Tuberose. Two to 3 ft., bearing long-linear, chan- 
nelled, many-ranked leaves: flowers very fragrant, sometimes tinted with 
rose. A popular garden plant from Mexico, blooming in the open in late 
summer and autumn; some forms are double. 

5. HYPdXIS. Stab-orass. 

Stemless, with grass-like, hairy leaves, growing from a corm-like root- 
stock: flowers yellow on filiform scapes; perianth 6-parted. 

H. hirs^ta, Coville. Scape 3-8 in., not so long as the grassy leaves, soft- 
hairy: flowers 1-4, yellow, greenish without, about )^ in. in diameter. Com- 
mon in dry soils. 



VII. IRIDACE^. Iris Family. 

Differs from Amaryllidaceae and Liliacese in its inferior ovary, 
3 stamens which are opposite the outer parts of the perianth, and 
2-ranked equitant (bases overlapping) leaves: stigmas sometimes large 
and petal-like. About 60 genera and 700 species. Representative 
plants are iris or blue flag, crocus, gladiolus, freesia. Crocuses and 
f reesias are easily grown in window-boxes for winter and spring bloom. 

A. Lobes of the style expanded and colored, looking like 

petals 1. Iris 

AA. Lobes of the style thread-like. 

B. Plant stemless: flowers borne on scapes. 

c. From corms: spathe 1-flowered: flower large, 

and perianth-tube long and slender 2. Crocus 

cc. From mostly fibrous roots: perianth-tube scarcely 
perceptible, if at all: flowers small: spath6 2- 

or more flowered 3. Siayrtnchium 

BB. Plants with a leaf-bearing and flower-bearing stem. 

c. Flowers in a short 1-sided cluster: plant small 4. Freesia 

cc. Flowers in a terminal spike: plant large 5. Gladiolus 

V 



338 THE! KINDS 07 PLANTS 

1. HtlS. Fliub-di-lib. FiiAq. 

Mostly strong plants, with rhiiomes or tuben: flowers mostly luge and 

showy, the 3 outer segineDts recurving and the 3 iim«r ones UHually smaller 

ftnd more erect or sometimes incurving; the 3 long divisions of the style 

petal'Jike and (rften more or lees hairy, covering the stamens; stigma on 

the under side of the style : leaves long and sword- 

shaped. Several wild and many aultlvst«d species. 

The following species have rhiiomeB: 

a. Flawera yeUtnn. 

I. Pseudlcorus, Linn. Common ydiow fiag. One 
to 3 ft., with eeveral-flowered, often branching stems; 
outer divisions of the perianth withno hairs or creste; 
flowers bright yellow. Europe. 

B&.FUywerainihadeio{U'M{t(mietane*'iaryingtoidaU). 

I. versicolor, IJnn. Common tnld Hue flag. Two 

to 3 ft., stout: leaves Hin. wide, flat: flowers about 3 

in, long, shoH'stalked violet-blue, the tube shorter 

49a Iris lonnaiiio*. '''*° *^* ovary, the inner petals Hmall and the outer 

ones with no hairs. Swamps. 

I. laviglta, Fisch. Jc Mey. (J. Kaempferi, Sieb.). Japanese irU. Two to 

3 feet, the stem much overtopping the thin, broad leaves: flowers large 

(sometimes several inches across), flat, the inner lobes spreading, the 

outer ones very large and rounded, with no hairs or crests: color mostly in 

shades of blue and purple. Japan ; now one of the choicest of garden irises. 

I. gennimlca, Linn. Common blue fiao of gardens (sometimes runs wild). 

Fig. 496. Two to 3 ft, with long aword-shaped leaves: flowers few or several 

to each stem, about 3-4 in. across, the drooi^g outer segments with 

yellow hairs, the inner segments erect and arching inward. Europe. 

2. CROCUS. Cboccs. 

Small, stemlesB plants, tbe long-tubed floweiB and the 
grass-like leaves arising directly from the coated conn: 
flowers with the 6 obovate divisions alt alike and erect- 
spreading or the inner ones a little the smaller, opening 
only in sunshine. The following, from Europe, blooms in 
earliest spring; 

C. vimus, Linn. Common crocus. Fig. 497. Leaves ,. 
2-4 to each flower, glaucous on the under side: flower 
rising little above the ground: color in shades of lilac and variously striped, 

3. SISTBlnCHITIH. Blcis-iited Gkass. 
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winged, often branched: flowers small, usually blue or bluish, soon wither- 
ing, in terminal 2-5-flowered umbels in a 2-leaved spathe; perianth seg- 
ments spreading, bristle-pointed: stamens 3, monadelphous; style 1 long; 
stigmas very slender; ovary 3-celled. 

S. angttttifdlium, Mill. Grassy plants in tufts or clumps: scape 4-12 in., 
spathe single, sessile: flowers blue to purple, rarely 
white; petals notched and mucronate. In moist 
meadows, among grass. Sumkner. Conmion. 

4. FREfiSIA. Frbbsia. 

Small, cormous plants with flat leaves: flowers 
white or yellowish, tubular, with a somewhat spread- 
ing limb, the tube generally curved: stem about 1 ft. 
high, bearing several erect flowers on a sidewise 
cluster. Popular florists' plants of easy culture and 

F. refr&cta, Klatt. Fig. 498. Leaves narrow: 
flower usually somewhat 2-iipped or irregular, white in the most popular 
forms but yellowish in some, often with blotches of yellow; fragrant. Cape 
of Grood Hope. 

5. GLADtOLUS. Gladiolus. 

Tall, erect plants, with flat, strong-veined leaves, the stem arising from 
a corm (Fig. 54) : flowers in a more or less 1-sided terminal 
spike, short-tubed, the limb flaring and somewhat unequal: 
stamens separate (imited in some related genera): style 
long, with 3 large stigmas. 

G. gandav6nsit, Van Houtte. Fig. 499. Upper seg- 
ments of the perianth nearly horizontal: colors various and 
bright: spikes long. Hybrid of two or more species from 
409. Gladiolus ^^^ Cape of Good Hope. Summer and fall. The common 
gaDdavensifl. gladioli of gardens are greatly hybridized. 



VIII. ORCHID ACE^. Orchid Family. 

Perennial herbs, distinguished by singular and extremely irregu- 
lar perfect flowers, among the most ornamental and interesting of 
native and exotic plants, curiously adapted, in most cases, to insect 
pollination; many air-plants (epiphytes) of the tropics and warmer 
regions also belong to this family. Leaves usually alternate, simple, 
entire, sheathing: perianth in 6 divisions, adnate to the 1-celled ovary: 
sepals 3, the outer segments of the perianth usually colored and similar 
or nearly so, appearing petal-like, the 2 lateral petals generally alike; 
third petal, the lip (the upper petal and, morphologically, next to 
axis, but apparently next to bract, by a peculiar twisting of the ovary), 
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dark green, usually blotched or veined with white. A few speoies "widely 
distributed, but not common, with handsome leaves. The genus is also 
known as Peramium and as Goodyera. 

6. CALOPdGOlf. Grass Pink. 

Scapes from round solid bulbs bearing several flowers in loose terminal 
spikes or racemes; leaf 1, grass-like. Distinguished by having the lip on 
the upper side (ovary or stalk not twisting) bearded. 

C. pulch6Uus, R. -Br. Scape 1 ft. high, 2-6-flowered: flowers 1 in. across, 
pink-purple; the lip triangular at apex, crested with colored hairs (yellow, 
orange, purple), club-shaped: anther lid-like: poUen-masses 4, powdery. 
Wet meadows and bogs. Very pretty. 

7. POGdNIA. 

Low, with solitary, terminal, odd flowers; alternate leaves: lip spurless, 
crested or hooded or 3-lobed; column not attached: calyx spreading; fertile 
anther lid-like; 2 pollen-masses, granular. 

P. ophioglossoides, Ker. Stem 6-9 in. from a fibrous root; leaf sessile, 
oval near middle of stem: lip erect, bearded and fringed; flower 1 in. long, 
sweet-scented, pale rose color, slightly nodding, with a leafy bract. Marshes 
or swampy places. Eastern United States. June to July. 



BB. PHENOGAMS: ANGIOSPERMS: DICOTYLEDONS, 

D. CHORIPETAL^, 

IX. CUPULlFER^. Oak Family. 

Monoecious trees and shrubs with staminate flowers in catkins 
and the pistillate in catkins or solitary: leaves alternate, with stipules 
early deciduous (mostly scale-like), and the side-veins straight or 
nearly so: stamens 2 to many: fruit a 1-seeded nut, sometimes inclosed 
in an involucre. Ten or a dozen genera and upwards of 450 species. 
Representative plants are oak, chestnut, beech, birch, hazel, ironwood. 

A. Sterile flowers in a hanging head: fruits 2 three-cornered 

nuts in a small, spiny involucre or biur 1. PoQWi 

Sterile flowers in cylindrical catkins. 

B. Fruit 1-4 rotinded or flat-sided nuts in a large, sharp- 
spiny involucre or bur 2. Caatanea 

BB. Fruit an acorn — a nut sitting in a scaly or spiny cup 3. Quercut 

BBB. Fruit flat and often winged, thin and seed-like, borne 
under scales in a cone. 

c. Fertile flowers naked: mature cone-scales thin 4. Betula 

cc. Fertile flowers with a calyx: cone-scales thick 6. Alnu6 
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1. PAO0S. Bbbch. 

Tall foieet trees with light baxk. and prominent parallel Ende-Tcdns in 
the leaves: sterile flowers in a small, pendulous head, with 6-7-eleft oalyz 
and 8-16 stamenB; fertile Qowers 2, in a close involucre, ripeninis iuto 2 
three-ooniered "beech nuts" in a 4-valved bur. 

P. grandifAlia, Ehrh. American beeeh. Cloge-graioed, hard-wood tree. 
with light colored bark: leaves ovate-oblong and acuminate, coarselj' serrate, 
usually with 9 or more pairs of n^^ee: nuts ripening in the fall, and muob 
sought by boys and squirrds. A ooniinon forest tree. 

F. Bjlvltica, linn, European beech. Pig. Ifil. dten planted, particularly 
in the form of the purple-leaved and weeping beech: foliage differs in beios 
mostly smaller, ovate or elliptic, small-toothed, with 9 or less pairs of nerves. 
S. CASXAltEA CBnsTHin. 

Forest trees, with rough, furrowed bark: St^ile flowers with 4-7-lobed 
calyi and 8-20 stamens in very long, ereot or spreading catkins, which 
appear in dusters in midaumiaer: fertile flowers about 3 in an involucre, 
producing "chestnuts" in a spiny bur. 

C. dentlU, Borkh. American chestma. Fig. 267. Tall, straight- 
grained tree, with large, broad and thin, oblong-lanceolate leaves, which are 
taper-pointed, and have large teeth with spreading spinee: nuts ububIIj' 1 in. 
or less across, sweet. Grows as far west as Michigan, and south to 
Mississippi. 

C. latlv*. Mill. European cheetrmt. Lees tall: leaves smaller and 
narrower, more pubescent when young, not long-acuminate, the teeth smaller 
and their spines more incurved: nuts 1 in. or more across, not so sweet as 
those of the Am^can chestnut. Europe. Very com- 
monly planted. 




500. QueccuB nibs. 501. Queiciu msciocu|i&. G02. Quercus Fiisiu. 

3. QDftRCUS. Oak. 

Strong, dose-grained trees, with mostly laterally-lobed leaves: sterile 
flowers in clustered hanging catkins, with a 4-7-lobed calyx, and 3-12 sta- 
mens: fertile one in a shallow involucre which becomes the cup of the 
acorn, the stigma 3-lobcd: fruit an acorn. See Fig. 228, which represents 
a form of the English oak {Q. Sr^nir) often planted in choice grounds. 
tb White oak group, diatiTii^aiahed Iry Ue light oray acaty bark, roundtd lobes 
or teeth of the leavet, and the acorns jnaturing the first year. (Q. vireni 
hae nearlv or quite entire leatee.) 
Q. Uba, Linn. White oafe. Fig. 600. Leaves obovate, 5 or 6 in. 
long, the lobes usually 7 and at equal distances apart, and the sinuaas 
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deep or Bhallow: bcofd small, with a rather shallow and not fringed oup. 
The conunoneat speciea. 

Q. nucroctipc, MJchx. Bur oak. Fig. 601. Jjeavea obovate. downy 
or pate on the tower surface, toothed towards the tips and irregularly and 
often deeply lobed toward the base: acorn cups heavily fringed on the 
margins: young iM'tuichea corky. More common West. 

Q. Printu, Lino. CKeatnut w 




SOS. Queroiu bioolor. 504. Quercus lubia. 605, Queroiu ooociDes. 



toothed, with rounded teeth and yellow-ribbed: acorn long and the cup 
hard-scaled: bark dark with broad, deep furrows. Eastern. 

Q. btcolor, Willd. Steamp vrhile oak. Fig. 503. Leaves obovate. whit&- 
downy on their lower surface, toothed with Bquarisli teeth, the bases wedge- 
shaped: acorn sniail, with the margin of the cup finely fringed. Common 
in low grounds and along ravines. 

Q, Tirgiiiiliui, Mill. Live-oak. Leaves small, oblong, entire or sometimes 
spiny-toothed, thick and evergreen: acorn oblong, the nut about one-third 
covered with its scaly cup. Virginia, south. 



Q. rilbn, Linn. Red oak. Fig. 604, Leaves obovate or sometilnea 
shorter, the 7-9 lobes triangular and pointing toward the tips : acorn large, 
flat-cupped. Common. 

Q. cocclnea, Moench. Scarld. oak. Fig. 605. 
Leaves obovate. bright scarlet in autumn, thin, 
smooth on the loner surface, the sinuses deep, 
wide and rounded : margin of the acorn cup round- 
ing inwards and the scales close: inner bark 
reddish. Common. 

Q. veljltina. Lam. Black oak. Fig. 606. 
509 Queroua velutina. Leaves obovate, coarser, downy on the lower sur- 
face until midsummer or later, wider toward the 
tip, the sinuses shallow <or sometimes as in the scarlet oak): margin of the 
acorn cup not rounding inwards and the scales looser: inner bark orange. 
Common. 
4. BfiTDLA. BtBCH. 

Small to medium-siied trees, with sterile flowers in drooping, cylindrical 
catkins, 3 flowers with 4 short stamens being borne under each bract: fertile 
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flowers in short, mostly ^rect catkins which become cones at maturity, 2 or 3 
naked flowers being borne under each 3-lobed bract: fruit winged and seed- 
like: leaves simple, toothed or serrate; bark often aromatic. 

a. Brown-barked birches: leaves ovate, 

B. l€nta, Linn. Cherry birch. Sweet birch. Tall tree, the bark tight 
(not peeling in layers), the twigs very aromatic: leaves oblong-ovate, some- 
what cordate at base, doubly serrate, becoming glossy above: bracts of the 
oblong-cylindric fruiting catkins with wide-spreading lobes. Rich woods. 

B. l^tea, Michx. YeUow or gray birch. Bark grayer or silvery, peel- 
ing in layers: leaves scarcely cordate, dull, more downy: bracts of the 
short-oblong fruiting catkins with scarcely spreading scales: tree less aro- 
matic than the other. Same range. 

aa. White-barked birches: leaves triangular or broad-ovate. 

B. pApsrrifera, Marsh. Paper birch. Canoe birch. Tree of medium 
to rather large size, with the bark peeling in very large plates or layers: 
leaves broad-ovate and often somewhat cordate, dull green. Pennsylvania, 
north. • 

B. populif dlia. Ait. American white birch. Small and slender tree with 
rather tight, glistening, white bark: leaves triangular-acuminate, toothed, 
dangling, and moving incessantly in the wind. Northeastern states. 

B. ftlba, Linn. European white birch. A larger tree, with triangular- 
ovate leaves which are pointed but not long-acuminate. Europe. The com- 
mon cultivated white birch. There are weeping forms (Fig. 6). 

5. ALNUS. Aldeb. 

Much like Betula, but smaller trees or bushes: flowers with a 3-5- 
parted calyx, and the small, short, fertile catkins composed of thickened, 
woody scales. In the following, the flowers appear before the leaves in 
earliest spring, from catkins formed the previous year and remaining partly 
developed during winter. Common along streams. 

A. incftna, Moench. Speckled alder. Shrub or small tree, with pubescent 
branches: leaves oval to oblong-ovate, acute, doubly serrate, glaucous and 
downy underneath: cones about }i in. long, mostly sessile. 

A. rugdsA, Sprang. (A. serruUita, Willd.). Smooth alder. Leaves elliptic 
or obovate, acute or rounded at the apex, finely serrate, the under side 
of the leaves smooth or pubescent only on the veins: cones short-stalked. 

A. YulgHris, Hill. Black alder. Leaves orbicular or very broadly obo- 
vate, not acute, irregularly serrate, dull and nearly smooth beneath: cones 
pedxmded. Europe. Planted, some varieties with divided leaves. 

X. URTICACKfi. Nettle Family. 

Trees and herbs, with small apetalous flowers in small clusters or 
solitary: leaves mostly straight-veined, with stipules: plants dicecious 
or moDcecious, or flowers perfect in the elms: stamens usuaUy as many 
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aa the lobes of the calyx and oppoBit« them: ovary Buperior, ripening 
into a. l-ee«ded indehiscent, often winged fruit. A very polymorphous 
association, by some botanists divided into two or three coordinate 
families. More then 100 genera and 1,600 species. Representatives 
are elm, hackbeny, mulberry, oeage orange, nettle, hop, hemp. 

A. TreeB. 

B. Fruit a samara 1. Vbmu 

BB. Fruit B Hmall drupe 2. CeUi» 

BBB. Fruit as large as an oranee. formed of the whole mass of 

the pistillate flower-cluater 3. Madura 

SBBB. Fruit rCBcmbliDg a blackberry, tooned of the pistillate 

flowernjIuBter 4. Monit 

AA. Herbs. 

B. Leaves digitately lobed or divided. 

c. Plant Htanding erect 6. Cmauibit 

CO. Plant twining 6. HuiRuiut 

BB. leaves Dot lobed: plant with Btinging hairs 7. VrtUa 



1. tlLHUS. Elm. 

Trees, mostly large and valuable for timber, with rough-furrowed bark: 
leaves alternate (2-ranked), ovate and Btraight-veined. dentate: flowers small 
and not showy, appearing in earliest spring, sometimeB diclinous, the calyx 
4-Q-parted, the anthers 4-9 on lung Slamcots: ovary generally 2-loculed, 
ripening into a 1-seeded wing-fruit. 

a. Leaves large, Touok on the upper iturface: fruit large, nearlu orbicular, 
U. (lilva, Miehi. Slippery elm. Fig. 607. Middle-died or small tree 
with inner bark mucilaBinoua or "slippery" in spring; leaves 6-8 in. long 
and half or more as broad, ovate-elliptic and unequal-sided, doubly 
serrate, very rough above and softer beneath: samara >j-^ in. long, 
orbicular or nearly so, with the seed in the center: flowers in dense 
clusters. ConunoD, 
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aa. Leaves not very rough above: fruii oval, deeply notched at the apex, 

U. americina, linn. Common or whUe elm. Figs. 96-100, 508. Tall and 
graceful tree: leaves elliptic-oval, serrate: samara small, more or less hairy 
on the thin wing, the notch in the apex extending nearly to the seed: flowers 
hanging on slender stalks. One of the finest of American trees. 

U. racemdsa, Thomas. Cork elm. Fig. 509. Smaller tree than the last, 
with corky-winged branches: leaves with straighter veins: samara with 
sharp incurved points at the apex: flowers in racemes. Less common. 

U. alita, Michx. Wahoo elm. Small tree, with wide, corky ridges on 
the branches: leaves small and rather thick, almost sessile, ovate to nearly 
lanceolate and acute: samara downy, at least when young. Virginia, south 
and west. 

2. CfiLTIS. Nbttlb-tbiii]. Hackbbbbt. 

Elm-like in looks, but the fruit a 1-seeded, berry-like drupe: flowers 
greenish, in the leaf axils, mostly diclinous; calyx 5-6-parted; stamens 5 or 
6: stigmas 2, very long. 

C. occidentWs, Linn. Common hackberry. 'Middle-sized tree with 
rough-fiuTowed bark: leaves ovate-pointed, oblique at base, serrate: fruit 
purplish, as large as a pea, edible in the fall when ripe. Low grounds. 

3. MACLtTRA. Osaob Oranob. 

Small tree, with dioecious flowers in catkins, 
and alternate, simple leaves: sterile flowers in 
raceme-like, deciduous ' catkins: fertile flowers 
densely crowded in a head, with 4 sepals and 2 51a Madura pomifera. 
stigmas, the ovary ripening into an achene, the 
whole flower-cluster becoming fleshy and ripening into an orange-like mass. 

M. pomffera, Schneid. {Toxylon pomiferum, Raf.). Osage orange. 
Fig. 510. Spiny, low tree, much used for hedges, but not hardy in the north- 
ernmost states: leaves narrow-ovate and entire, glossy: flowers in spring 
after the leaves appear, the fruit ripening in autumn. Missouri and 
Kansas south. 

4. MdRUS. MULBBRRT. 

Small to middle-sized trees, with broad, alternate toothed or lobed 
leaves and monoecious flowers, with 4-parted calyx: stamens 4, with fila- 
ments at first bent inward, the staminate catkins soon falling: fertile flowers 
ripening a single achene, but the entire catkin becomes fleshy and blackberry- 
like, and prized for eating. Leaves very variable, often lobed and not 
lobed on the same branch. 

M. riibra, Linn. Common wild mulberry. Often a large tree in the 
South: leaves ovate-acuminate, oblique at the base, rough and dtill on the 
upper surface and softer beneath, dentate: fruit J^-1 in. long, black-red, 
sweet. Wood yellow. Most abundant South, but growing as far north as 
Maosacbuzetts. 
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It. Uba, linn. WhUt mulberry. Fig. 611. Lesvea light gnea and 
usually glosay above, the veiiui prominent uid wbitiah beneath, the teeth 
UHually rounded or obtuse: fruit of variable sue, often 1>^ in. long, whitish, 
violet, or purple. China; planted for ornament and for its fruit, also for 
feeding eilkwomis. The much-planted Russian mulberry is a form of it. 

fi. CAIIHABIS. Hemp. 

Tall, strong, dioecious herbs with 5-7 leaflets: fertile flowers in dus- 
ters, with I sepal surrounding the ovary, and 2 long, hairy stigmas : sterile 
flowers in racemes or panicles, with 6 sepals and 5 drooping stamens. 

C. sstira, linn. Hemp. Six to 10 ft., Htrong-Bmelling, blooming all 
summer: leaflets lanceolate, large toothed. Old World; cultivated for fiber 
and sometimes escaped in waste places. 

e. HtlMULnS. Hop. 

1 growth, with 6 sepals in the sterile 
mens erect: fertile flowerB with 1 sepal, 
2 flowers under each scale of a short, thin catkin which 
becomes a kind of cone or "hop." 

H. Ldpvlns, Linn. Common hop. Perennial, rough- 
hairy: leaves broad-ovate, deeply 3-lobed (only rarely 
5-7-lobed): sterile flowers in panicles 2-6 in. long: pis- 
tillate catkin enlarging into a "hop" often 2 in. or 
more long. A native plant, cultivated for hops and 
sometimes for ornament. 

H. JBp6Dicns, Sieb. A Zucc. JapaiKae hop. Fig. 

SlI. Moras alba. 1^' Annual: leaves not less than 6-lobed: fertile 

catkin not enlargint; into a hop. Japan; much 

cultivated for o 



7. thtTICA. Nbtojj. 

Erect herbs with oppoute simple leaves and stinging haiis, and moniB- 
ciouB or dicedous flowers in racemes or dense clusters, the calyx of 4 
separate sepals: stamens 4: stigma sessile: fruit an ovate flat achene. The 
following are perennials with flowers in panicled spikes: 

U. griGills, Ait. Common nelUe. Two to 6 ft,: leaves ovate-lsDceolate, 
serrate, on long petioles. Common in low grounds. 

U. dlolo, Linn. Not so tall : leaves ovate-cordate and deeply serrate, on 
rather abort petioles, downy underneath. Weed from Europe, very stinging. 

XI. ARISTOLOCHlACE^. 

BlHTHWOBT FaMH-T, DUTCHMAN'S PiPB FaMHT. 

Low acauleecent herbe, or tall twining vines: leaves basal or alter- 
nate, without stipulee, petiolate, roundish or kidney-ahaped; flowers 
resular or irregular, perfect: periantb-tube brown or dull, valvate in 
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bud, adherent to ovary: stamens 6-12, epigynons, and adherent to 
base of the styles: ovary 6-celled, pistil 1. A small family of about 200 
species, sparingly represented in this country. Many oi the members 
have aromatic or bitter-tonic properties. 

A. Low stemless herbs 1. Asarum 

AA. Leafy-stemmed herbs, or woody climbers 2. Ariatolochia 

1. Asarum. Wild Gingbb. 

Perennial spreading herbs: leaves large, kidney-shaped, pubescent: 
flower brown, inconspicuous, borne on a short pedmicle arising from between 
the petioles: rootstocks creeping, elongated, very aromatic. 

A. canadfnse, Linn. Leaves in pairs, large, reniform, but more or less 
pointed at tip, soft-hairy with a silky finish: flower greenish outside, purple- 
brown within, consisting of a 3-lobed calyx, adnate to ovary: stamens 12, 
the filaments longer than the anthers. Common in rich woods. April, May. 

2. ARISTOLdCHIA. DurcmiiAN's Pipb. 

Herbs or tall vines, with alternate, petiolate leaves, cordate, entire 
and palmately nerved: flowers irregular, the calyx tubular, the tube oddly 
inflated above ovary and contracted at throat, shaped Uke a much-bent 
pipe, the margin reflexed or spreading, 3-6-lobed or appendaged: sta- 
mens 6. 

A. macroph^Ua, Lam. (-4.. Sipho, L'Her.). Calyx-tube about 1-1 H in. 
long, curved to resemble a Dutch pipe, the margin spreading, brownish- 
purple: leaves large, smooth, dark green, round kidney-shaped. Wild in 
rich woods; May; often cultivated. 



XII. POLYGONACEJS. Buckwheat Family. 

Herbs, mostly with enlarged joints or nodes and sheaths (repre- 
senting stipules) above them: leaves simple and usually entire, alter- 
nate: flowers small, apetalous, usually perfect and generally borne in 
spikes or dense clusters: stamens 4r-12, attached to the very base 
of the 3-5-merous calyx: ovary 1-loculed, ripening into a 3-4-angled 
achene. Thirty or more genera and about 600 widely dispersed species. 
Characteristic plants are buckwheat, rhubarb, dock, sorrel, smart- 
weed. 

A. Root-leaves 1 ft. or more across, rounded 1. Rheum 

AA. Root-leaves narrow or not prominent. 

B. Calyx of 6 sepals, often of two kinds 2. Rumez 

BB. Calyx of 5 (rarely 4) sepals, all alike. 

c. Flowers white and fragrant 3. Fagopyrum 

oc. Flowers greenish or pinkish, not distinctly fragrant. .4. Polygonum 
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1. RH^UM. Rhubabb. 

Very large-leaved perennials, sending up stout hollow flower-stalks in 
early summer which bear -smaller leaves with sheathing bases: sepals 6, all 
alike, withering rather than falling, and persisting beneath the 3-winged 

achenes: stamens 9: styles 3. Old World. 

R. RhAp6nticimi, Linn. Rhubarb. Pie- 
plant. Figs. 81, 82. Leaves 1 ft. or more 
across, the thick petioles edible: fls. white, in 
elevated panicles. 

Rt^MEX. Dock. Sorrel. 

Perennial often deep-rooted plants with herbage 
bitter or sour: sepals 6, the 3 outer large and spread- 
ing, the 3 inner (known as "valves*') enlarging after 

612. Rumex AoetoaeUa. flowering and one or more of them often bearing a 

grain-like tubercle on the back; stamens 6, styles 3; 

flowers in panicles or interrupted spikes. 




a. Docks: herbage bitter: valves often grain-bearing: floioera moetly perfect: 

leaves not arroxo-shaped, 

R. obtusifdlius. Linn. Bitter dock. Lower leaves oblong-cordate and 
obtuse, not wavy: one valve usually grain-bearing. Weed from Europe. 

R. crfsptts, Linn. Curly dock. Leaves lanceolate, wavy or curled: all 
valves usually grain-bearing. Weed from Europe. 

aa. Sorrels: herbage sour: valves not grain-hearing: 
flowers dicecious: leaves arrow-shaped. 

R. Acetos€llA» Linn. Common or sheep sorrel. 
Fig. 512. Low (1 ft. or less): Ivs. mostly arrow- 
shaped at base: flowers brownish, small, in a ter- 
minal panicle. Common in sterile fields. Europe. 

3. FAGOPtRUM. Buckwheat. 

Fast-growing annuals, with somewhat triangular 
leaves, and fragrant flowers in flattish, panicle-like 
clusters: calyx of 5 parts: stamens 8: fruit a trian- 
gular achene. Old World. 

F. escul^ntum, Moench. Common buckwheat. 
Fig. 513. Leaves triangular-arrow-shaped, long- 

petioled: flowers white, in a compound cluster: achene with regular angles. 
Flour is made from the grain. 

F. tat&ricum, Gaertn. India wheal. Slenderer, the leaves smaller and 
more arrow-shaped and short-petioled: flowers greenish or yellowish, in 
simple racemes: achene notched on the angles. Somewhat cultivated. 




513. 

Fagopsmun esculentum. 
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4. POL'^GOiniM. Knotweed. Smartweed. 

Low weedy plants, or some exotic ones tall and cultivated, blooming in 
summer and fall, the small pinkish or greenish flowers mostly in racemes or 
spikes (in the Knotweeds in the leaf -axils): calyx usually 5-parted: stamens 
4-9: stigmas 2 or 3: black achene lenticular or triangular. 

a. Knotweeds: flowers sessile in the axils of the leaves, greenish and very email, 

P. AviculAre, Linn. Common knotweed. Doorweed. Fig. 210. Pros- 
trate or creeping, bluish green wiry plant, growing along the hard edges of 
walks and in yards, and commonly mistaken for sod: leaves small, mostly 
oblong, entire: sepals very small, green with a broad white margin: stamens 
5 or more: stigmas usually 3. Annual. 

P. er^ctum, Linn. Taller knotweed. One ft. or more high: leaves three 
or four times larger, oblong or oval and obtuse. Common annual. 

aa. Smartweeds: flowers in terminal spikes, mostly pinkish. 

h. Sheatfis of leaves (surrounding stem) hairy on the edge, or 
the margin with a spreading border. 

P. orientile, Linn. Princess feather. Several feet tall, soft- 
hairy: flowers in long cylindrical nodding spikes: leaves ovate: 
stamens 7. India; cultivated. Annual. 

P. Persicftria, Linn. Smartweed. Lady's thumb (from the 
dark blotch near the center of the leaf). Fig. 514. About 1 
ft.: leaves lanceolate: spikes oblong, dense and erect: stamens 
usually 6: stigmas 2. Weed from Europe. 

P. Hydrop!per» Linn. Smartweed. Herbage very pungent 
or "smarty:" leaves oblong-lanceolate: spikes short and 
nodding, the flowers greenish: stamens 6: stigmas 3. Low 
grounds. Annual. 

P. hydropiperoides, Michx. Smartweed. Herbage not 
pungent: spikes slender and erect, the flowers whitish: sta- 
mens 8: stigmas 3. In very wet places. Perennial. 

P. Acre, HBK. Smartweed. Herbage pungent: leaves 
linear or lanceolate, long-pointed: spikes slender and erect: flowers white or 
blush: stamens 8: stigmas 3. Low grounds. Perennial. 

bb. Sheaths of leaves not hairy, nor the margin bordered, 

P. pennsylv&nicum, Linn. Smartweed. Pungent: plant with conspicuous 
glandular hairs above: leaves lanceolate: spikes short-oblong and erect, the 
flowers purplish: stamens 8: stigmas 2. Low groimd. Annual. 




514. 
Polygonum 
Persioaria. 



XIII. EUPHORBlACE^. Spurge Family. 

Trees, shrubs or herbs, often with milky, pungent juice, some- 
times poisonous: flowers monoecious or dioecious, mostly apetalous, 
usually small and inconspicuous. The family is large, in warmer parts 
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of the world. The determination of the g^era and species is difficult. 
Euphorbia and Ricinns will sufficiently explain the flower structure for 
the beginner. 

A. Flowers in a cup-Uke involucre, which imitates a perianth: 

flowers dicecious, without calyx or corolla 1. Euphorbia 

AA. Flowers, not in an involucre, but in a terminal panicle: 

flowers dioecious, calyx present, but no corolla 2. Ricinua 

1. EUPHdRBIA. Spubge. 

Flowers monoecious inclosed in an involucre; which is 4-5-lobed and 
often showy, resembling a perianth: staminate flowers each consisting of 
a stamen jointed to filament-like pedicel, subtended by a minute bract, 
attached on the inner siuface of the involucre: the solitary pistillate flower, 
standing at the bottom of the involucre, is at length protruded on a stalk: 
capsule 3-lobed and 3-ceUed: styles 3, each 2-cleft: stigmas 6. Many of the 
species are cultivated for ornamental purposes, as E, apUndena^ Crown of 
Thorns; E. Cyparisaiaa, Cypress spurge, common in old yards and about 
cemeteries, where it has run wild. 

£. corollita, Linn. Flowering spurge. Perennial, 2-3 ft., slender- 
branched: leaves mostly alternate, or the uppermost ones, or those on 
the branches opposite, whorled, oval, rather thick, usually pale beneath: 
flowering branches much forked: involucres terminal, or on peduncles, from 
the forks of the branches, the lobes snowy white, appearing like petals with 
oblong yellowish green glands at base of each. In dry or sandy soil, conunon. 
July to October. 

E. maculftta, Linn. Small plant, prostrate or spreading, the branches 
slender and radiating, dark green, often dark red: leaves oblong-linear, 
usually with red-brown spots in center: involucre minute, the corolla-like 
appendages narrow, white or red. A common inconspicuous weed through- 
out North America, except the extreme north. 

£. pulch^rrima, Willd. Poinaettia, Floral leaves brilliant red and 
appearing like flaming blossoms: flowers in a greenish involucre, with a 
large yellow gland on summit. A Mexican species, well known as an 
ornament^ greenhouse plant. 

2. RfCIWUS. Castor-oil Plant. Figs. 313-316. 

Tall stately, perennial herb (annual North), with large, alternate, pal- 
mately cleft leaves: flowers monoecious, apetalous, greenish, in terminal 
racemes or panicled clusters, the pistillate flowers above the others; styles 
large, reddish. 

R. commiinis, Linn. Caator bean, PcUma Chriati, Stem erect from 
3-12 ft., somewhat branched: leaves very large, peltate, lobes acute, pointed, 
toothed: seeds smooth, black, mottled or variegated with gray and brown. 
Grown for medicinal and ornamental purposes. Tropical. There are many 
forms in cultivation. 
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XIV. CARYOPHYLLACKffi. Pink Family. 

Herbs, with opposite, mostly narrow, entire leaves without conspic- 
uous veins: flowers 4-5-merous, sometimes apetalous, with stamens 
twice or less the number of sepals or petals, and 2-5 styles which 
may be wholly separate or partially united: pod usually a 1-loculed 
capsule commonly inclosed in the calyx, mostly splitting from the 
top, the seeds usually attached to a central column. Genera between 
30 and 40, species about 1,000. Representative plants are pink, car- 
nation, bouncing Bet, catchfly, chickweed, corn-cockle, lychnis, spurry. 

A. Flowers polyx)etalous, with sepals imited into a tube. 

B. Bracts at the base of the calyx 1. Dianthua 

BB. No bracts at base of calyx. 

c. Styles 2 2. Saponaria 

cc. Styles 4-6 3. Lychnis 

, ccc. Styles 3 4. SUene 

AA. Flowers often apetalous, the sepals nearly or quite distinct. 

B. Styles 3 or 4 5. Stellaria 

BB. Styles 5 6. Cerastium 



• 



1. DIANTHUS. Pink. 







Showy-flowered small herbs, with striate, many-furrowed /aTt^^ 
calyx and sepal-like bracts at its base: petals with slender 
claws or bases, the limb usually toothed or fringed: styles 2. 

a. Flowers single on ends of branches. 

D. chinfnsis, Linn. China or florists* pink. Leaves 
short-lanceolate, not grass-like: calyx-bracts linear-acute and 
as long as the calyx: petals in white and shades of red, very 
showy. China. Perennial, but grown as an annual (mostly 
under the florists' name D. Heddewigi). 

D. plunUlrittS, Linn. Grass or Scotch pink. Common pink ^^^\^^^^l^ 
of old gardens, from Europe. Low, growing in mats, glau- 
cous-blue: leaves grass-like: flowers very fragrant, deep-fringed, white or 
pink. Perennial. 

D. Caryoph^lltts, Linn. Carnation. Two ft. or more, with wiry stems, 
glauoous-blue: leaves grass-like: calyx-bracts short and broad: petals more 
or less toothed but not fringed: flowers fragrant. Europe. 

aa. Flowers in compact clusters, 

D. barbitus, Linn. Swe^ William. Fig. 515. One ft. or more, erect, 
green: flowers small, in dense clusters in red and white. Old World; common 
in old gardens. 

W 
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2. SAPONARIA. Soapwort. 

Calyx cylindrical or angled, 5-toothed, with no bracts at its base: 
stamens 10: styles 2: pod 4-toothed at top (Fig. 282). 

S. offlcinilis, Linn. Bouncing Bet. Perennial, forming colonies in old 
yards and along roads, 1-2 ft. high, glabrous, with ovate or oval leaves: 
flowers 1 in. across, white or rose, in dense clusters, oftecr double, the petals 
with a crown. Europe. Common. 

3. L'^CHNIS. Lychnis. Cocklb. 

Annual or perennial, with styles usually 5, and pod opening by 5 or more 
teeth: calyx 5-toothed and 10- or more-nerved, naked at the base: stamens 10. 

L. Githftgo, Scop, (or Agrostemma Qithaoo, Linn.). Fig. 181. Com 
cockle^ because it is a common weed in wheat fields (wheat is. known as 
com in Europe), its seeds not being readily separated from wheat because 
of their similar size and its seasons corresponding with those of wheat: annual, 
2-3 ft., hairy: flowers purple-red and showy, on very long stalks, the 
petals crowned and the calyx-lobes long and leafy: leaves very narrow. 
Europe. 

L. CoroniUia, Desv. Dusty MUler. Mullein pink. Biennial or per- 
ennial, white- woolly all over: leaves oblong: flowers rose-crimson, showy. 
Europe. Old gardens and along roads. 

4. SIlr^NE. Campion. Catchflt. 

Annual or perennial herbs, with white, pink, or red flowers, solitary or 
in cymes: calyx often inflated, 5-toothed, 10- to many-nerved, with no 
bracts at base; petals 5, clawed, sometimes with crown or scale at base of 
blade; stamens 10; styles 3 (rarely 4 or 5); ovary 1-celled (or incompletely 
2-4-celled): fruit a capsule, or pod, 1-celled or 3-celled at base, dehiscent by 
3 or 6 teeth at apex, many-seeded. A viscid secretion covers the calyx and 
stems of certain species, by which creeping insects are caught, whence the 
name "catchfly." 

S. Btellita, Ait. Starry campion. Perennial, 2-3 ft. high: leaves ovate- 
lanceolate, acuminate, in whorls of 4 (at least the upper ones) : flowers in 
panicled cymes; calyx bell-shaped, loose and inflated; petals fringed, 
crownless, white. July. Open woods. 

S. latifdlia, Britten & Rendle. Bladder campion. Perennial, 1-2 ft.: 
leaves ovate-lanceolate, acute, opposite: flowers in panicles, inclined or 
drooping: calyx globular, thin and much inflated, conspicuously veined; 
petals 2-cleft, white. Roadsides, fields and waste places. Common eastward. 
Naturalized from Europe. 

S. pennsylv&nicA Michx. Wild pink. Perennial, viscid-pubescent above, 
4-10 in.: basal leaves spatulate or cuneate, narrowed into petioles; stem- 
leaves lanceolate, sessile, opposite: flowers in terminal, few-flowered cymes; 
calyx narrow; petals wedge-shaped, slightly emarginate (or eroded) on 
edge, pink-red, crowned. In dry soil in eastern states. 

S. virgbiicA, Linn. Fire pink. Perennial, 1-8 ft.: lower leaves thin, 
spatulate, the cauline oblong or lanceolate, sessile: flowers few in a loose 
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cyme, pedunded, showy, l}4-^ in* broad; calyx bdl-like, enlarged as pod 
matures: petals 2-cleft, crowned, bright crimson: stem yiscid-pubeBcent. 
Open, dry woods. May to September. 

S. noctifldra, Linn. NigM-fiowering catchfly. Annual: lower leaves 
spatulate or obovate, the upper linear: flowers large, few, -pedicelled, 
in loose panicle, opening at dusk for the night: very fragrant: calyx-tube 
elongated, noticeably veined, with awl-like teeth: petals 2-cleft; white, 
crowned. Weed introduced from Europe. July to 
September. 

5. STELLARIA. Chickwxed. 

Small, weak herbs with sepals 4-5, petals of equal 
number and deeply cleft or sometimes wanting; stamens 
10 or less; styles usually 3: pod opening by twice as 
many valves as there are styles. 

S. mddia, Cjrrill. Common chickweed. Fig. 467. 
Little prostrate annual, making a mat in cultivated 
grounds, with ovate or oblong leaves mostly on hairy ^ Stellaria media, 
petioles: flowers solitary, minute, white, the 2-parted 
petals shorter than the calyx, the peduncle elongating in fxuit. Europe; 
very conmion. Blooms in cold weather. 

6. CERASTIUM. MonsB-EiLR Chickweed. 

Differs from Stellaria chiefly in having 5 styles and pod splitting into 
twice as many valves. The two following gray herbs grow in lawns. From 
Europe. 

C. viscdsum, Linn. Annual, about 6 in. high: leaves ovate to spatulate: 
flowers small, in close clusters, the petals shorter than the calyx, and the 
pedicels not longer than the acute sepals. 

C. yulgfttum, Linn. Perennial and larger, clammy-haiiy: leaves oblong: 
pedicels longer than the obtuse sepals, the flowers larger. 



XV. RANUNCULACE^. Crowfoot or Buttbbcxjp Family. 

Mostly herbs, with various habits and foliage: parts of the flower 
typically all present, free and distinct, but there are some apetalous 
and dioecious species: stamens many; pistils many or few, in the 
former case becoming achenes and in the latter usually becoming folli- 
cles. Upwards of 30 genera and 1,000-1,200 species. Characteristic 
plants are buttercup, anemone, meadow-rue, marsh-marigold or 
cowslip, adonis, clematis, larkspur, aconite, columbine, baneberry, 
peony. Known from Rosacese by the hypogynous flowers. 

A. Plants not climbing: herbs. 

B. Fruits achenes, several or many from each flower. 
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€. True petals none, but the sepals petal-like (and 
involucre often simulating a calyx). 
D. Flowers in small umbels, or peduncles 1-fld. 
X. Involucre of 2 or more Ivs. some distance 

below the flower 1. Anemone 

■B. Involucre of 3 sepal-like leaves dose to the flower 2. HepoHca 
■BX. Involucre of 3 compound Ivs., sessile at base 

of \mibel: pistils fewer than in Anemone 3. AnemaneQa 

DD. Flowers in panicles or corymbs 4. Thalidrum 

cc. True petals present: yellow 5. Ranunculus 

BB. Fruits, follicles, 
c. Flowers regular. 

D. Petals each spurred 6. AqwUegia 

DD. Petals none: sepals petal-like, yellow 7. CaUha 

Di>D. Petals many: fls. very large and of shades of red: 

plant bushy ■ 8. Pteonia 

cc. Flowers irregular; upper sepal spurred; 2 petals 

spurred 9. Delphiniufn 

BBB. Fruits, berries, red or white. 

c. Flowers with petals and 3-6 petal-like sepals: fls. 

small, white, in a short raceme 10. Actma 

AA. Plants climbing by the leafnstalks: stem woody 11. Clematia 

1. ANEMdNE. Ansmont. Windflowxb. 

Low perennial herbs with mostly showy apetalous flowers and an invo- 
lucre of 2 or more mostly divided leaves standing some distance below the 
flower: pistils ripening into a head of achenes. 

a. Achenes wooUy or silky, 

A. jap6nica, Sieb. & Zucc. Japanese anemony. Three ft., blooming in 
fall, with pink or white flowers 2-3 in. across: leaves with 3 cordate-ovate 
notched leaflets. Much planted. 

A. virginiina, Linn. Two ft., with involucre of three 3-parted leaves: 
flowers on long stalks arising in succession from succeeding nodes: sepals 5, 
acute, greenish white: head of fruit oblong, }^ in. long. Woods. 

aa. Achenes not wooUy or silky, 

A. quinquefdUa, Linn. {A, nemorosa of some). Common tnndfiou>er. 
Low, about 6 in., blooming in rich woods in early spring: involucral leaves 3, 
each with 3 or 5 long leaflets: flowers white, purplish outside, pretty. 

2. HEPATICA. Livxblxaf. Matflowxb of some places. 

Differs from Anemone chiefly in having 3 simple sepal-like bracts be- 
neath the flower (but they are sometimes a half-inch removed from it): 
flowers in earliest spring, white, blush, or blue, on simple hairy scapes: 
leaves broad, 3-lobed. Woods. 

H. trfloba, Chaiz. Leaves with rounded lobes. 

H. acutfloba, DC. Leaves with acute lobes. 
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3. AHEMOintLLA. Rxte Anbmomb. 

Attractive slender perennial herb, resembling Anemone: basal leaves 
2 or 3 times compound: involucre of 3 compoimd leaves at base of the 
umbel: leaflets petioled: flowers in a terminal umbel, on slender pedicels; 
petals wanting; sepals 5-10, white or pinkish, 1 in. broad, petal-like; pistils 
4-15; stigma broad, sessile on carpels, glabrous and deeply grooved. 

A. thalictroides, Spach. Rue anemone. Stem slender, 6-10 in., appear- 
ing in earliest spring before the 2-3 temately compound basal leaves, rising 
from a cluster of tuberous roots: sepals 5-10, bright, quite lasting. A com- 
mon spring flower of the woodland, appearing with the Wood Anemone or 
Windflower and easily confused with it. 

4. THALICTRUM. Msadow Rxte. 

Mostly smooth perennial herbs, erect, sometimes several feet high: 
panided flowers small, greenish and inconspicuous, often dioecious, or 
polygamous: foliage light, graceful, the alternate leaves being 2-4 temately 
compound, with the leaflets and divisions stalked: calyx of 4-5 petal-like 
greenish sepals, soon falling; stamens many; ovaries 4-15, 1-eeeded. 

T. dioicom, Linn. Early meadow rue. Flowers dioecious, green or pur- 
plish, in loose panicles: leaflets thin and delicate, 3-7-lobed, pale beneath, 
somewhat drooping on the petiolules: anthers yellow, drooping on thread- 
like filaments: achenes about 8, sessile or nearly so: 1-2 ft. high. Common 
in woodlands. April and May. 

T. pol^gamum, Muhl. TaU meadow rue. Coarser, ranker and later than 
T. dioicum, 4-8 ft. high: filaments of stamens broad, spatulate: achenes 
stalked: flowers polygamous, sepals white. 

T. datycftrpum, Fisch. & LsJl. Purplish meadow rue. Stem 2-5 ft. high, 
usually purplish: stem-leaves almost sessile: leaflets thick, dark green above, 
pale and waxy or downy beneath, margins slightly rolled or thickened: 
flowers polygamous or dioecious, greenish and purplish: anthers drooping 
on filiform filaments. June to August. 

5. RAKtfNCULUS. Cbowfoot. Buttbbcup. Figs. 202, 203, 207, 268. 

Perennials or annuals, with mostly yellow flowers; sepals 5; petals 5 
and bearing a little pit or scale at the base inside: leaves alternate: achenes 
many in a head. 

R. icrii, Linn. TaU buttercup. Two to 3 ft., from a fibrous root: leaves 
3-parted, all the divisions sessile and again 3-cleft: flowers bright yellow. 
Europe, but now a common weed. Smnmer. 

R. bulbdstti, Linn. Earlier and only half as tall, from a bulbous base: 
leaves 3-parted, the lateral divisions sessile and the terminal one stalked: 
peduncles furrowed: flowers bright yellow. Europe; common eastward. 

R. leptentrionilii, Poir. Stems more or less prostrate at base, often 
forming long runners: leaves 3-divided, divisions all stalked and 3-lobed or 
-parted: petals obovate, yellow. Wet places. 

R. abortiyui, Linn. Glabrous, biennial herb; 6 in. to 2 ft., branching: 
basal leaves heart-shaped or kidney-form, crenate (sometimes lobed), on 
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long stalks: later leaves* often 3-5-lobed or -parted, and sessile or nearly so: 
petals small, yellow, not equal to the sepals: styles very short, curved. 
Shady woods and along stream-sides. April to Jime. 

R. micrinthus, Nutt. Pubescent, smaller than preceding and baaal 
leaves ovate, but not heart-shaped, some 3-parted: fairly common. 

R. recurvitui, Poir. Usually pubescent, erect, branching, 1-2 ft.: leaves 
all petioled and similarly 3-parted: sepals longer than the pale yellow petals' 
and recurved: beaks of achenes strongly hooked. Common. Spring. 

6. AQUILfiGIA. CoLUMBiNB. 

Upright herbs, with compound leaves which have petioles expanded 
at the base: sepals 5, somewhat petal-like; petals 5, each one produced 
into a long nectary spur; pistils 5: fruit a several-seeded follicle. Delphinium 

or larkspur is an allied genus. 

a. Spurs atraight, 

A. canadensis, Linn. Common toild columbine. Often 
incorrectly called honeysuckle. Fig. 517. About 2 ft.: 
leaflets rounded or obovate, toothed at top: flowers 
about 2 in. long, drooping, scarlet and orange or nearly 
yellow, the stamens projecting. Common on rocks. 
A. chrys&ntha, Gray. Yellow columbine. Flowers 
517^ ■ bright yellow, often tinged, erect or becoming so. New 

Aquilegia canadeiuda. Mexico and Arizona, but frequent in gardens. 

aa. Spurs hooked at the end, 

A. yulgiris, Linn. Blu^ columbine. A European species, common in 
gardens, and often full double: flowers varying from blue and purple to 
white, with rather short and thick hooked spurs. 

7. CALTHA. Marsh Mabigold. Cowslip (in America) 

Low tufted herbs with undivided leaves, and clusters of yellow butter- 
cup-like flowers: sepals 5-9, petal-like; petals none; pistils 5-10, ripening 
into several-seeded follicles. 

C. paliistris, Linn. About 1 ft. high: leaves rounded or kidney-shaped, 
crenate or nearly entire. Wet places, in early spring. Used for **greens." 

8. PiBdNIA. Peony. Pinet. 

Stems shrubby and perennial or, as in the commoner garden forms, her^ 
baceous, from thick, fleshy roots: leaves temately and pinnately compound: 
flowers large, terminal, solitary; sepals 5, unequal, leafy, persistent; petals 
5 to indefinite in nimiber; ovaries 3-6, surrounded by a disk: fruit, many- 
seeded follicles. Oriental. 

P. offlcinUii, Linn. Common garden peony. Large flowers, double, 
red, pink, flesh-colored to white; carpels 2, pubescent, forming 2 erect, 
many-seeded follicles. Jime. 
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9. DELPHfNIUM. LioouiPUB. Figs. 224, 225, 269, 270. 

Stems erect, simple or branching, with alternate leaves, petioled, pal- 
mately-divided or -lobed: flowers in a terminal raceme or panicle, white, blue; 
purple and showy, with irregular sepals and petals; sepals 5, colored, the 
upper spurred' behind; petals 4 (rarely 2), the upper pair spurred, and in- 
closed in the spur of the sepal; carpels 1-5, sessile, forming many-eeeded 
follicles. Several wild and cultivated species. 

D. Ajftcis, linn. Annual, 1-2 ft.: flowers purple, roseate or white, 
sometimes double, many in crowded racemes; pistil 1: follicle pubescent, 
with short, stout beak. Cultivated and a showy garden plant; sometimes 
escaped from gardens. 

D. tric6me, Michx. Perennial, 6 in. to 1 or 2 ft.: flowers blue or white, 
in few-flowered racemes (6-12): leaves 5-parted, the divisions 3-5-oleft: 
pistils 3: follicles widely diverging, short-beaked. In rich soil, west of 
Alleghanies. April to June. 

10. ACTi^A. Banebbbbt. 

Erect, perennial plants, in rich woods, 2-3 ft., with conspicuous red or 
white berries: stems mostly simple, bearing large, temately compound 
leaves, the leaflets ovate but sharply cut-lobed or toothed: flowers small, 
white, in thick terminal racemes; sepals 3-5, soon falling; petals 4-10, long- 
clawed, flat, spatulate; stamens many, filaments white and slender; ovary 
1, with a broad, sessile, 2-lobed stigma, many-ovuled. 

A. &lbA, Mill. White baneberry. Raceme oblong: petals truncate, 
pedicels thickened, and usually red: berries white, ellipsoid. Common in 
woods. April to June. 

A. r^bra, Willd. Red baneberry. Raceme ovate or hemispherical; 
petals acute; pedicels slender: berries cherry-red (sometimes white), oval 
or ellipsoid. Common in woods, especially northward. In bloom, April, 
May. 

11. CLEMATIS. Virgin's Bower. Figs. 77, 178. 

Herbs, or somewhat woody, generally climbing by clasping, petioles: 
leaves opposite, simple or compound: flowers apetalous, or petals very small; 
sepals 4 (rarely more) and colored ; stamens many, a number of them (some- 
times all) usually sterile; pistils many in a head, bearing the persistent, 
plumose or silky styles. Many large-flowered cultivated forms. 

C. verticillftris, DC. A woody climber, nearly smooth: leaves in whorls 
of 4's, each 3-foliate: large, purple flowers 2-3 in. across, at each node. 
Not common, belonging mainly to the North and to mountainous districts. 
May, June. 

C. Vi6mA, Linn. Leaves mostly pinnately compound, with 3-7 leaflets, 
entire, or 3-lobed: flowers solitary and usually nodding on long peduncles, 
bell-shaped, having peculiarly thick sepals, with their points recurved; 
purplish-red color: the longakenes plumose. Climbing. Pennsylvania, west. 
May to August. 

C. virginiina, Linn. Common virgin's bower. Old-man vine (from 



\ 



360 THE KINDS OF PLANTS 

the heads of hairy styles). A common olimbing plant, along fences, streams 
and in low woodlands: leaves compound, glabrous, with 3 leaflets cut or 
lobed and nearly heart-shaped at base: flowers small, in leafy panicles, poly- 
gamo-dicecious; petals none, but sepals whitish, thin, spreading: styles 
long-plumed in fruit, making a feathery duster. July, August. 

XVI. BERBERIDACR£. Babbbbbt Faiolt. 

Herbs and shrubs with alternate or radical leaves, sometimes with 
stipules: flowers regular, perfect (except 1 genus), hypogynous, soli- 
tary or racemed; sepals and petals usually in several rows of 3 each, 
and cal3rx colored; stamens as many as petals (rarely more) and one 
opposite to each petal: anthers opening at the top by 2 valves or 
hds (except in Podophyllum) : pistil 1 : fruit a berry or pod. About 20 
genera and 100 species. 

A. Shrubs: flowers yellow: berries red or orange, remaining 

on branches into the winter 1. Berberia 

AA. Herbs. 

B. Flowers on leafless scapes: leaves radical, each 2- 

parted: fruit a pod, opening at the top by a lid 2. Jeffenonia 

BB. Flower on short pedicel, in fork between 2 large 

leaves: fruit a large, oval, edible berry 3. PodophyUum 

1. BfiRBERIS. Babberbt. Figs. 168, 221. 

Shrubs, often spiny: flowers yellow, in drooping racemes; sepals 6-9> 
colored, bracted; petals 6, each with 2 basal glandular spots; stamens 6* 
irritable, bending inward when touched; pistil 1; stigma circular, sessile: 
berries sour, 1— few-seeded: leaves simple or compound, bases dilated and 
jointed on short petioles, usually spiny-toothed, sometimes reduced to 
cle/t spines. 

B. vulgaris, Linn. Common barberry. Leaves with repandly-toothed 
margins, teeth spinous-pointed or represented by branched (3-pronged) 
spines: berries oblong, scarlet, acid. Europe; but cultivated and naturalised 
in eastern and middle states. 

B. canadensis, Mill. Shrub 1-3 ft., native to southern mountains, 
with oval berries and few-flowered racemes. 

B. Th6nbergii, DC. Cultivated, low shrub with small entire leaves and 
handsome horizontal sprays: flowers solitary or in pairs, on slender pedicels, 
from leaf-axils: berries bright red, remaining on the twigs into the winter: 
leaves ^-1 in. long, also red in fall. Japan. 

2. JEFFERS6NIA. Twin-leaf. Khbumatism Root. 

Perennial glsCbrous herb, from roots of matted, blackish fibers, with 
ample 2-parted leaves, rising on long petioles from the roots: scape bearing 1 
terminal large white flower; sepals 4, soon falling; petals usually 8, oblong; 
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stamens 8, with linear anthers on slim filaments; stigma peltate, with many 
ovules on lateral placenta: pod green, leathery, becoming i)ear-shaped and 
dehisces by a lid, opening half-way round the upper part, from which the 
many, rounded seeds, arilled on one side, spill forth. 

J. diph^Ua, Pers. Scape erect to 8 or 12 in.: leaves divided longitu- 
dinally into 2 parts, with usually entire margins. Very interesting little 
plant in rich woods, spring: sometimes cultivated. 

3. PODOPHfLI^UM. Mat Apple. Mandrake. 

Smooth perennials from creeping horizontal rootstocks, and thick; 
fibrous roots: stems smooth, simple, carrying large, peltate, glossy-green 
leaves and a solitary white flower: sepals 6, petal-like, soon falling; petids 
6-9, concave, broad and large; stamens as many or twice as many as petals; 
pistil 1, with sessile, large, thick, stigma: fruit a large, fleshy, oval, 1-celled 
berry, filled by many seeds, each seed inclosed in a pulpy aril, edible. 

P. peltAtum, Linn. Leaves 2, large, orbicular, peltate, deeply &-9-lobed 
and few-toothed: flowers fragrant, solitary from the common axil of the 2 
stem leaves, borne on a short, recurved peduncle: petals, large, white, wax- 
like: common in rich, shady, woodland, often in large patches. May, June. 

XVII. NYMPBLffiACEiE. Watbr-Lily Family. 

Aquatic, perennial herbs, with very large rootstocks under watei: 
leaves large, peltate or heart-shaped, often floating: flowers solitary, 
on axillary peduncles; sepals 3-5 or 6; petals 5 to many; stamens 5 
to many, with large, erect anthers; carpels 3 to many, distinct, or united 
in a circle or with the receptacle: fruit indehiscent, or group of distinct 
carpels. Eight genera, *of wide distribution in fresh water. The great 
Victoria Regia of the Amazon, and often cultivated, belongs here. 

A. Flowers white: sepals 4 1. Caatalia 

AA. Flowers yellow: sepals 5 or more 2. Nymphaea 

1. CASTAUA. Water-ult. 

Herbs with floating leaves and beautiful, large, many-petaled flowers: 
sepals 4, white, green without; petals large, wax-like, gradually becoming 
smaller, and passing into the yellow stamens which are adherent to the 
many-celled ovary; stigmas radiate (as in a poppy head) from a center: 
fruit ripens under water. 

C. odorUta, Woodville & Wood. White vxUer4ily, Flower 2-6 in. across, 
very sweet-scented: petals oftenest white, sometimes tinged with pinkish. 
Common. 

2. NTMPH^A. Yellow Pond-lilt. 

Distinguished from the water-lily by the leaves, which are more or less 
heart-shaped, floating or erect: also by the flowers, which are 2-3 in. in 
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diameter, with small, linear, yellow or purplish petals, becoming stamen-like 
toward center: fruit ripens above water. The name Nymphsea is sometimes 
applied to the genus Castalia. 

N. ftdvena, Ait. SpaUerdock. Leaves oval, thick, 6 in. 4o 1 ft. long, 
floating or erect: flowers yellow, sepals 6 or more, not equal; petals thick, 
truncate, resembling stamens. 

XVIII. PAPAVERACKE. Poppy Family. 

Herbs with milky or colored juice (acrid and narcotic), alternate 
or radical exstipulate leaves, the upper rarely opposite: flowers mostly- 
single, regular or irregular, perfect; sepals 2 (rarely 3 or 4), falling as 
the flower opens; petals 4-6 (or more), imbricated, often crumpled in 
the bud, and early falling; stamens usually many; ovary 1- to many- 
ovuled, 1-celled: fruit a dry pod or capsule, 1-celled or, in Poppy, 
imperfectly many-celled, generally dehiscing by a pore or by valves. 
Small family of mostly small but usually showy herbs. 

A. Plants with white (milky) juice » 1. Papaver 

AA. Plants with colorless juice (watery) 2. EschachoUzia 

AAA. Plants with red or orange juice. 

B. Flower-bud erect: flowers white, in earliest spring. . . .3. Sanguinaria 
BB. Flower-buds generally nodding; flowers yellow. 

c. Stigma 3-4-lobed, on a short style. Capsule ovoid. 4. Stylophorum 
cc. Stigma 2-lobed, about sessile: capsule long 5. CkelicUmium 

1. PAPAVER. Poppt. 

Herbs with white juice: stems smooth or hairy, erect, and the terminal 
buds nodding, but erect in flower and fruit: sepals 2 (or 3) soon falling; petals 
4-6; sessile stigmas united to form a rayed disk. 

P. somnfferum, Linn. Opium poppy. Annual, erect to lj!^-2 ft., 
branching, glaucous, with large, white or purplish-centered flowers on long 
peduncles: leaves sessile, clasping, variously incised: capsule smooth. 
Cultivated for opium and for ornament. 

P. Rhdbas, Linn. Com poppy. Shirley poppy. Annual, bristly,, haiiy, 
the leaves deeply lobed: flowers mostly red or scarlet with a dark center, 
varying iii cultivation: pod small. 

P. orientMe, Linn. Stem rough-hairy, 1-flowered: flowers very large, 
brilliant, scarlet: leaves scabrous, deep green, about pinnate. A favorite 
perennial in gardens. 

P. nudicatlle, Linn. Iceland poppy. Rather delicate, hairy, with leaves 
radical, pale green, and pinnately incised: flowers single, on slender, hairy 
scapes, orange or white. Gardens. 

2. ESCHSCH6LTZIA. 

Annual or perennial herbs: leaves glaucous, finely pinnatifid: sepals 2, 
cohering as a pointed cap, falling as flower opens; petals 4, yellow or orange 
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or cream-colored; stamens many, adherent to petals; stigmas 2-6, sessile: 
pods long, cylindric, grooved, many-seeded. 

£. calif 6mica, Cham. Calif omia poppy. Cultivated *in flower-gardens: 
stem branching, leafy: flowers showy and large, receptacle funnelform, 
with a broadly dilated rim: pod long and slender. California. 

3. SANGUINARIA. Bloodroot. 

Low, acaulescent perennial, from thick, horizontal, pointed and scarred 
rootstocks, with juice red and acrid: in very early spring a naked scape, 
carrying 1 terminal white flower, enfolded at first by long-petioled kidney- 
shaped or cordate, glaucous, palmately veined leaf; sepals 2, soon falling; 
petals 8-12, unequal, in 2 rows, not lasting; stamens many: fruit a capsule, 
oblong, swollen, 1-celled, many-seeded, 2-valved, dehiscent at base. 

S. canadensis. Linn. Flower large, white, fragile, on a scape about 6 
in. tall: glabrous and glaucous: leaves with rounded lobes and sinuses. 
Common in rich, open woods and on sunny banks; early spring. 

4. STYLdPHORUM. Celandine Poppy. 

Hairy herbs with yellow juice, and pinnately divided leaves: flowers 
large, yellow: style 1: stigma 3-4-lobed. 

S. diph^Uum, Nutt. Low perennial, usually with two opposite, pinnately 
parted leaves on the stem; leaves often marked with white, 5-7-lobed: 
flowers few, in imibels, large, lH-2 in. across, clear yellow. Frequent in 
rich woods in central states. May. 

5. CHELID6NIUM. Celandine. 

Rather weak, branching herbs; perennial: leaves alternate, pinnatifid: 
juice deep yellow: flowers yellow, small, the bud nodding; sepals 2; petals 
4; stamens many. 

C. mHjus, Linn. Along roadsides, about fences, as a weed, growing 1-4 
ft. high: leaves thin, once or twice pinnatifid: flowers in loose umbels, 
soon perishing, about ]/i-% in. in diameter. 
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Smooth, succulent herbs with noticeably delicate, finely dissected, 
or lace-like leaves, alternate or radical, exstipulate: flowers small, 
irregular, racemose; 2 very small sepals, scale-like; petals 4, small, 
partially united: 6 diadelphous stamens (2 sets of 3 each); ovaries 
1-celled: fruit a pod, 1-celled, 1-seeded and indehiscent, or several- 
seeded with 2 parietal placentse. 

A. Corolla 2-spurred at base, or heart-shaped: fls. pendent. ... 1. Dtcentra 
AA. Corolla with 1 spur at base. 

B. Pod slender, several-seeded: seeds ariUed, or crested 2. CorydalU 

BB. Pod globular, 1-seeded, indehiscent 3. Fumaria 
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1. DICfiNTRA. 

Low, acaulescent perennials, among the earliest and most delicate of 
spring flowers: leaves compound in 3*s, finely dissected Gace-like), on 
tender pinkish petioles from the roots: the racemose, nodding flowers borne 
on leafless, flesh-colored scaped; pedicels 2-bracted; corolla i)eculiarly 
irregular— 4 petals in 2 pairs, the 2 outer spurred at base, somewhat united 
to form a 2-spurred corolla, the inner pair of petals spoon-shaped, crested, 
meeting over the pistil and stamens; stamens 6, in two sets, opposite the 
outer petals. 

D. CucuUiria, Bemh. Ihdchman'a breeches. Leaves from a cluster of 
little pinkish tubers, forming a bulb: flowers with straight spurs, longer 
than pedicel, and diverging, mostly creamy with yellow tips to petals, not 
fragrant. 

D. canadensis, Walp. Squirrel com. Similar to the preceding, btit 
leaves usually glaucous: root-tubers yellow, resembling grains of Indian 
com: flowers differing in shape from D, CucuUaria in being more elongated, 
spurs short and rounded, and the crests of the inner 2 petals prominent: 
fragrant. Blooms a little later than preceding, but found in same 
situations. 

D. spect&bilis, DC. Bleeding-heart. A smooth, leafy-stemmed plant of 
many gardens; stems much branching; leaves large, twice ternately com- 
pound: flowers many and showy in long racemes drooping from the curv- 
ing stems, heart-shaped, bright rose or pink; no sepals when in full flower. 
Siberia. 

2. CORtDALIS. 

Biennial or perennial herbs with leafy stems, pale or glaucous: leaves 
much divided or decompound: flowers small, in racemes; corolla 4-petaled» 
irregular; one of the outer pair of petals spurred at the base, all erect and 
somewhat united. 

C. semp^rvirens, Pers. Stem slender, erect, 6 in. to 2 ft. : leaves small, ses- 
sile above, all finely dissected: flowers horizontal in terminal racemes; spurs 
short and blunt; corolla rosy, yellow-tipped; outer petals sharp-pointed: pods 
erect, slender. May to June. 

C. aurea, Willd. Low, diffuse or spreading: flowers yellow, 3^ in. long; 
outer petals keeled, not crested; spur shorter than pedicel (^ in.), decurved: 
pods hanging or spreading, knotty. March to May. 

3. FUMARIA. Fumitort. 

Annuals, branched and leafy-stenmied: leaves compound, finely dissected: 
flowers small, in dense racemes or spikes; petals 4, unequal, 1-spurred at 
base; stamens 6, diadelphous: fruit small, globular, 1 -seeded, indehiscent, 
the style falling. 

F. officinUis, Linn. Low, much branched, erect to 1 ft., glabrous: flowers 
purple-tipped, pinkish, minute, in loose spikes; sepals acute, sharply toothed, 
shorter than corolla. Waste places. Summer. Introduced. 
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XX. CRUClFER^. MusTAKD Family. 

Herbs, mostly of small stature, with alternate mostly simple leaves: 
flowers 4-meroiis as to envelopes, the 4 petals usually standing 90 
degrees apart and thereby forming a cross (whence the name Cruciferse, 
or "cross-bearing"); stamens usually 6, 2 of them shorter: fruit 
a silique or silicle. A very natural or well-marked family, with about 
180 genera and nearly 2,000 species. Familiar plants are mustard, 
shepherd's purse, honesty, cress, pepper-grass, wallflower, stock, 
cabbage, turnip, radish, horse-radish. 

. A. Fruit a silique (much longer than broad). 

B. Silique tipped with a long point or beak, extending 

beyond the valves, the latter more than 1-nerved. . 1. Brtunca 
BB. Silique not prominently beaked beyond the valves. 

c. Flowers yellow 2. Barbarea 

cc. Flowers white or purple. 

D. Valves with a midrib, or seeds in 2 rows. 

E. Stigma deeply 2-lobed: flowers large 3. Matthiola 

BE. Stigma but slightly, if at all 2-lobed 4. Arabis 

DD. Valves without midrib. 
B. Seeds in 1 row. 

p. Stems leafless below, with 2 or 3 leaves near 

middle: rootstock scaly 5. DerUaria 

pp. Stems leafy: roots more fibrous 6. Cardamine 

BB. Seeds in 2 rows in each cell. (Water plants. 
See Rcuiieula,) 
AA. Fruit a silicle (short and broad). 

B. Partition in the pod parallel to the sides'. 

c. Fruit not much compressed: seeds minute, in 2 

rows in each cell 7. Radicula 

cc. Fruit quite flattened, 2-8-seeded 8. Alyssum 

BB.. Partition crosswise the pod. 

c. Pod obcordate, many-seeded 9. CapseUa 

cc. Pod orbicular, 2-seeded: corolla regular 10. Lepidium 

ccc. Pod rounded or ovate: corolla irregular with un- 
equal petals 11. Iberis 

AAA. Fruit fleshy, indehiscent, constricted between the 

seeds 12. Raphanua 

1. BRASSICA. Mustard. 

Erect branchy herbs, mostly annual, with more or less lyrate lower 
leaves, and small yellow flowers in racemes or panicles: petals clawed or 
narrowed below, the limbs spreading horizontally: silique narrow, cylindrical 
or 4-angled, the valves 1-5-nerved and the seeds in 1 row in each locule. 
Cabbage, cauliflower, and turnip also belong to this genus. The three fol- 
lowing are sommon weeds introduced from Eiuope: 
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B. nigra, Koch. Black tntutard. Fig. 518. Leaves pinnatifid, some- 
what hairy; pod short, strongly 4-angled, not hairy. Mustard (flour) comes 
largely from this species. 

B. &lba, Boiss. White tntutard. Leaves pinnatifid, and rough -hairy: 
pods rather slender, hairy, but only the lower part seed-bearing. 

B. arv^nfris. Kuntze. Charlock. Leaves strongly toothed; 
pod knotty, hairy or smooth, the upper third indehiscent and 2- 
edged. Fig. 413. 

2. BARBARfiA. WnfTBB Citiias. 

Low herbs, blooming in early spring, with many small light 
yellow flowers, and lyrate leaves with the terminal division much 
the largest: pod cylindrical or somewhat 4-angled, the valves 
having a strong mid vein: seeds a single row. 

B. TulgAriSy R. Br. Common winter cress* Yellow rocket. 

Biennial, about 1 ft. high, with smooth foliage and flowers in 

elongating clusters: lowier leaves lyrate, upper ones cut or merely 

toothed. Low grounds. 
518. 

Brassica 3^ MATTHiOLA. Stock. Gilliplowbr. 
nigiat 

Cultivated garden or house plants from Europe: stems and 
leaves hoary-pubescent: flowers showy, single or double, of- many colors, 
fragrant, in terminal racemes; stigma deeply 2-lobed: silique nearly cylin- 
drical, with prominent midrib on each of the 2 valves; seeds winged. 

M. incHna, R. Br. Biennial or perennial with stout, rather woody stem: 
leaves lanceolate, entire: flowers white, varied shades of red, purple, etc. 
Much grown in gardens and greenhouses. 

4. ARABIS. Rock Cress. 

Mostly very small herbs with purple or white flowers: stems leafy: rad- 
ical leaves spatulate, the stem-leaves sessile: siliques very narrow, elongated, 
flat, the valves smooth, keeled or one-nerved in the middle, or veined length- 
wise; seeds in 1 or 2 rows in each cell, flattened, usually margined or winged. 

A. canadensis, Linn. Sickle-pod. Biennial with stems erect, 1-3 ft.: 
leaves lanceolate, pointed at both ends, simple, toothed or entire, sessile, 
pubescent: flowers small, white, petals twice as long as sepals: pods long, 
flat, sickle-shaped, pendent on hairy pedicels; seeds broadly winged. Com- 
mon in woods and rocky ravines. 

A. glUbra, Bernh. Biennial tall, 2-4 ft., glaucous above, but pubescent 
at base, with many stem-leaves, ovate-lanceolate, sessile, sagittate-clasping 
at base; petals yellowish white, scarcely longer than the calyx: pods narrow, 
erect: seeds in 2 rows, marginless. Fields and rocky places. 

6. DENTARIA. Toothwort. 

Low herbs, perennial, found in damp woodland, blooming with the early 
spring flowers, bearing flowers in corymbs, white, roseate or purplish, 
larger than the similar flowers of Cardamine: rootstocks long, horizontal. 
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Bcaly or toothed, aromatic or with cress-like taste: stems erect, unbranched, 
leafless below, with 2 or 3 palmately divided or compoimd leaves on petioles; 
near the middle: fruit a linear siiique, flattened, valves not nerved, with 1 
row of seeds in each cell; seeds not winged. 

D. diph^Ua, Michx. Crinkle^ooL Pepper-root, Stem erect, from a 
toothed rootstock: leaves usually 2: leaflets 3-parted, wide-ovate, with 
margins dentate: flowers white. 

D. laciniUta, Muhl. Fig. 266. Rootstock deep, short, tuberous, con- 
stricted in several places (necklace-like): stem-leaves 3, nearly verticillate, 
deeply 3-parted into lanceolate, linear or oblong leaflets, which are lobed or 
toothed, and some 2-cleft: flowers white or pinkish, smaller than preceding. 

6. CARDAMINE. Bitter-cress. 

Very similar to Dentaria, the chief difference being in the stem, which 
is leafy, and the leaves simple, usually more or less lobed, alternate on stem. 
Glabrous perennials, growing in wet places and along waterways, from 
fibrous roots or tubers (not scaly rootstocks), the flowers white or purple in 
terminal racemes. 

C. bulbdsa, BSP. Stem simple, erect, 9-18 in., from a tuber: leaves 
simple, petioled below, ovate or rhombic-oblong in shape: petals white, 
small, much longer than calyx. A variety purpurea, not so tall (4-6 in.), 
with rose-colored flowers, appears even earlier than the type. 

7. RADiCULA. Water-cress. Horse-radish. 

Low, mostly aquatic or marsh plants, with pinnate or pinnatifid leaves 
(sometimes simple); flowers small, white or yellow, with spreading sepals; 
stamens 1-6: fruits various, short and broad (silicle) or short-cylindrical: 
valves convex, nerveless or l-nerved. Formerly called Nasturtium. 

R. Nast6rtium-aqu&ticum, Britten & Rendle. Water-cress, Glabrous, 
growing in or about water: stems spreading, rooting at the nodes: leaves 
pinnately lobed, with 3-11 lobes, the terminal segment largest: flowers 
small in racemes, which elongate as the fruits mature: petals white and twice 
as long as the sepals. A favorite plant for salads. 

R. pal6stri8, Moench. Marsh-cress. Annual or biennial, with simple, 
fibrous roots: stem erect, 1-2 ft., glabrous or slightly pubescent: pinnately 
lobed leaves, the upper sessile: flowers small, yellow: pods oblong or ovoid, 
turgid, little if any longer than the pedicels. Weed in marshy places. 

R. ArmorHcia, Robinson. Horse-radish. Cultivated, but sometimes 
escaped into waste grounds: perennial, the roots long and thick: root-leaves 
large, coarse, glabrous, oblong, crenate, rarely pinnatifid, on thick petioles, 
the stem leaves sessile, lanceolate: flowers small, petals white, longer than 
calyx. 

8. ALf SSUM. Alyssum. 

Small plants, mostly trailing, with entire and small leaves: pod small, 
orbicular, 1 or 2 seeds in each locule: flowers in elongating racemes. 
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A. —rmmnm, Linn. Stceei aiywutn of the ganlens (from Europe). 
Fig. £1B. Anniut, produoing h profuaion of gmiUl white, frsgruit flowera. 
There we mui7 cultivated fornuu 

9. CAPBAllA. Shxpkebd's Pubbz. 

Low shortlived ounuals, with very small white flowera in racemes; 
pod obcordate or inversely trianKular, the partition ruu- 
ning acrofis the narrow diameter, containing several seeds. 
C, BGTM-pattOri*, Medic. Common ihephtrd'i jmrte. 
Fig. 386. One of the commooeHt little weeds; root-leaves 
pinnatifid or strong- toothed, in a roaette, the stem-leaves 
arrow-ehaped. Europe. 

10. LEPlDIDH. PxPFBR-OKABa. 

Small Btiffieh anuuals (or biennials), which shed their 

7 leaves late in the sesBon: flowera very small, white or 

greenish, in elongating racemes: pod smaL and roundish, 

the partition running across the narrow diameter. Plant 

peppery to the tsMe. 

BIB. Alyoom j^^ viiglnicum, linn. Common pepper-grtuii. About 

1 ft. high, much branched, glabrous: leaves linear to 

lanceolate, tapering to the base, the lower mostly pinnatifid. Common 

weed; often fed to canary birds. 

11. IfifiRIS. Candttcjt. Fig. 192. 
Herbs with white, o 

petals larger than 2 in 
tivated. 

I. umbelllta, Linn. Annual, I ft. or more: loi 
upper linear and entire: flowers mostly purple 
silioles acutely 2-lobed. June and July. 

I. amira, Linn. Annual: leaves lanceolate, toothed toward apex: flowers 
white. The common white-flowered candytuft, in many fomu (including 
the garden J. coronaria). 

12. RAPHANDS. Radibb. 

Anntial or biennial herbs, with Ijtate, pinnately^obed root-leaves: 
flowers rather showy in long rsceines ; calyx erect ; petals clawed : style long 
and slender: pod liDear. indehiecent, constricted between the seeds, pithy; 
seeds spherical. Europe. 

Jt. Rapbanlitnim, Linn. White ch/uiock. A weed, common in the 
East: tap-root slender: petals yellow,' fading to white or purplish: pod 4- to 
lO-seeded, long-beaked, constricted between sseda when dry. 

R. Mtivul, Linn. Garden radieh. Flowers pink or white: root fleshy, 
Bpindle- or tumip-shaped, red or white: ailique 2-3-seeded, short and 
pointed, with fleaby partitions between seeds: seeds round and blackiah. 
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XXI. VI0LACE2E. Violet Family. 

Ours herbs with or without stems, and simple, entire or cleft leaves, 
radical or alternate, with stipules: flowers showy, irregular, solitary 
on peduncles; sepals persistent; petals unequal, the lower one larger 
or spurred at base; stamens with filaments short, broad, continued 
beyond the anthers, usually coherent, joining over and around the 
pistil; ovary simple, 1-celled, 3 parietal placentse: fruit a 3-valved 
capsule, locuhcidal, and, after dehiscence, edges strongly inroUed in 
drying, thus dispersing the seeds. One genus is weU known. 

VtOLA. VioiiBTS. Hbabt's-bass. Johnnt-jump-ttp. Fig. 236. 

Early flowers conspicuous and petaiiferous, but frequently sterile; some- 
times later flowers deistogamous, concealed under the leaves, apetalous 
and self-fertilized, usually developing seeds; s^als eared at base; petals 
unequal, the lower spurred or saccate at base; stamens 5, 2 with spurs which 
project into the corolla spur. 

4 

a. Stemleas: leaves basal: fiowers on peduncles from rootstocks. 
b. Flowers blue or violet: side petals beardless, 

V. pedita, linn. Bird's'foot violet. Not stoloniferous, rootstock short, 
stout, nearly smooth: leaves orbicular in outline, but palmately 3- or &-11- 
lobed or divided, segments linear not lanceolate: flowers large, 1 in. broad, 
pale violet or deep purple (vaiying to white); stigma large, not beaked. 
Sandy soil. Var. bicolor has 2 upper petals deep velvety violet, 3 lower pale 
blue. 

bb. Flowers blue or violet: side petals bearded, 

V. palmftta, Linn. Common^ or early blue violet. Pubescent to nearly 
glabrous: rootstock stout and scaly: early leaves rounded, cordate or kidney- 
shaped, margin crenate, the later leaves various, palmately or pedately 
lobed or parted, on long stalks: flowers deep or pale blue; spur short, 
saccate; stigma beaked. 

V. cucuUilta, Ait. Common blue violet, A common form, variable and 
grading into V. pcUmata: leaves not lobed or toothed at base, merely crenate 
or dentate, kidney-form to broadly ovate: nearly or quite glabrous. 

V. sagittita. Ait. Leaves sagittate-lanceolate, or often cordate, toothed 
near base: scapes bearing the flowers shorter than the leaves, 3-5 in.; 
sometimes all petals bearded; stigma beaked; flowers usually large. 

V. odorUta, linn. Sweet violet, English violet. Hardy, cultivated 
species from Europe: stoloniferous by creeping runners: leaves downy or 
glabrous, rounded or heart-shaped or broadly ovate: flowers fragrant, single 
or double, sometunes white. 

bbb. Flowers white, 

V. lanceoUta, Linn. Rootstock smooth, creeping: stoloniferous: leaves 
lanceolate to linear, erect, the blade decurrent on the long petioles: fiowcE 
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•mall, white, the lower and side petals purplish-veined: petals beardli 
cieistogamous flowers on erect pediceb, frequently from stolons. Wet 
places. 

V. blftndty Willd. Sweei white violeL Stoloniferous from slender root- 
stock: flowers fragrant: petcds beardless or nearly so, white veined with 
purple: leaves cordate or rounded: few cieistogamous flowers on curved 
stalks. Wet places. Plant small. 

bbbb. Flowers yellow. 

V. rotttndifdlia, Michz. Stoloniferous: leaves rounded to cordate, mar- 
gin somewhat crenate, finally growing large, glossy and lying flat on the 
ground: flowers small: lateral petals bearded, ^nd with brown lines; septals 
blunt-pointed. Cool woodlands. 

aa. Sterne evident, leafy: flowers showy on axillary stalks. 

b. Flowers blue or violet, 

V. rostrftta, Pursh. Plant 3-8 in.: leaves rounded heart-shaped, serrate, 
the upper acuminate: stipules fringe-toothed, lanceolate: flowers pale violet, 
darker-veined: petals beardless: spur slender, longer than corolla. Moist 
woodland and shaded hillsides. 

V. areniria, DC. Stems weak, 6-8 in., glabrous: leaves heart-shaped 
or kidney-form, margin crenate: stipules lanceolate, somewhat fringe- 
toothed: spur slender, half as long as corolla. Swamps and wet places. 
Pale purple. American forms differ from the European. 

bb. Flowers white, tinged with pink or violet. 

V. canadensis, linn. Upright, 6 in. to 2 ft. : stems leafy, stipules broad- 
lanceolate, entire: leaves large, heart-shaped, serrate: petcds white inside, 
pinkish or violet beneath, spurred petal yellow at base: lateral petals 
bearded. Common. Rich woods. All summer. 

bbb. Flowers yellow. 

V. pub^scens. Ait. Downy yellow violet. Pubescent: stems erect, 5-20 
in., leafy: leaves broadly heart-shaped, toothed: stipules large, entire: root- 
leaves soon wither up: lower petals veined, more or less obscurely, with 
purple; spur short; stigma beakless: pod downy. Dry woods. 

. bbbb. Flowers of various colors: cultivated 

V. trfcolor, Linn. Garden pansy. Stems angular, branching, leafy: 
leaves roundish to cordate: stipules leaflike, incised: flowers widely varied 
in colors. Europe. Var. arvensis, in fields, is slender, and petals scarcely 
exceeding sepals. 

XXII. HYPERICXCEiE. St. JoHN*a-woBr Faiolt. 

Herbs or shrubs (in our species), with leaves chiefly sessile, sim* 
pie, opposite, some with translucent or black dots: flowers regular, 
usually in terminal cymes, and yellow; sepals and petals 4 or 5; fta- 
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mens few to many, often in clusters of 3 or 5, h3rpogynou8: pod 1- to 
7-celled. 

HTPfiRICUM. St. John's-wobt. Figa. 208, 278. 

Mostly branching plants with yellow flowers in cymes: leaves sessile, 
usually dotted: sepals and petals 5; stamens many, mostly in 3-5 groups. 

H. perforatum, Linn. A common introduced species: stems upright, 
1-3 ft., branching, 2-edged: leaves linear to oblong, dotted, sessile: flowers 
about 1 in. in diameter, the petals dotted with black and much exceeding the 
lanceolate sepals; stamens grouped in 3 sets: capsule 3-cellsd.. Spreads 
by running shoots from base. 

H. punctAtum, Lam. Much like preceding, but leaves more broadly- 
oblong, sepals more ovate, and the petals often lined, as well as dotted, with 
Uack. 

XXin. PORTULACACE^. Purslane Family. 

Herbs succulent or fleshy, with entire leaves, alternate or oppo- 
site, and dry stipules: flowers regular but not S3rmmetrical; sepids 2; 
petals 4-5 or none; stamens equal to number of petals and opposite, 
or fewer, or more; ovaries free, each 1-celled; style 2-3-cleft, or di- 
vided, stigmatic on inner surfaces: fruit a 1-celled pod, opening loculi- 
cidally, or a pyxis, opening by a lid; seeds small, kidneynshaped, few 
or many. 

A. Stamens more numerous than petals: flowers opening once 

only, in sunshine 1. Porhtlaca 

AA. Stamens 5: flowers open for some time 2. Claytonia 

1. PORTULACA. Pubslanb. Fig. 280. 

Low, fleshy annuals, diffuse or ascending: terminal flowers, which open 
once only, in sunshine; sepals 2, joined at base and partially adherent to 
ovary; petals 4-6 on calyx, not lasting; stamens 7 to many, on calyx; style 
3-8-parted. 

'-' P. olerHcea, Linn. Common purslane. Pualey. A very common weed. 
Smooth, fleshy, prostrate: stems cylindrical, reddish: leaves obovate oi 
wedge-form, thick, nearly sessile: flowers small, yellow, sessile, open in 
morning sunshine. Sometimes used for greens. 

P. grandifldra, Lindl. Rose-moss. Stems erect, 3-6 in., fleshy, smooth 
or hairy: leaves alternate, cylindrical, ^-1 in. long: flowers open in morn- 
ing; very gay colors, white, yellow, reds, 1-2 in. wide. South America. 
Gardens. 

2. CLAYT6NIA. Sprino Bbautt. 

Low, glabrous, perennial herbs, from small tubers: flowers lasting some 
time; sepals 2; petals 5, distinct or slightly united ; stamens 5, 1 on base 
of each petal; style 3-lobed; ovary 1-celled: capsule 3-valved, few-seeded: 



i 
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stem erect, luually bearing 2 leaves and terminating in a raceme. Among 
the first spring flowers in open woods. 

C. yirgfnica, Linn. Leaves thickish, linear-lanceolate, 3-6 in. long, 
nearly sessile: stem about 3 in. from tuberous root, bearing 2 (3 or 4 occa- 
sionally) leaves: petals white or pink with darker veins, emarginate 14-^ 
in. long; sepals and petals obtuse. 

C. caroliniina, Michx. Leaves 1-2 in. long, oblong or oval to spiitulate* 
short-petioled: flowers fewer than in preceding, white or pinkish, veined. 



XXIV. MALVACKffi. Maijx)w Family. 

Herbs or shrubs (trees in the tropics) with alternate, mostly simple 
leaves which have stipules: flowers perfect and regular, 5-merous, 
often subtended by a calyx-like involucre, the petals 5; stamens 
many, united in a column which closely surrounds the. several styles; 
ovaries several, connivent into a ring or sometimes united into a com- 
pound pistil, in fruit making 1-seeded 1-loculed more or less indehis- 
cent carpels or a several-loculed capsule. About 60 genera and 700 
species. Representative plants are mallow, hollyhock, abutilon, hibis- 
cus, althea, okra, cotton. 

A. Anthers borne only at the top of the stamen-tube. 

B. Fruits l-seeded, forming a ring at the base of the stsdes. 

c. Involucre of 3 bracts 1. Malva 

CO. Involucre of 6-9 bracts 2. AUhsea 

BB. Fruit of several-seeded carpels 3. AbutUon 

AA. Anthers borne all along the side of the stamen-tube 4. Hibiscus 

1. MALVA. Mallow. 

Herbs, with a 3-leaved involucre like an extra calyx; petals oboordate; 
carpels many in a ring, separating at maturity, l-seeded and indehiscent: 
leaves usually nearly orbicular in general outline. 

M. rotundifdlia, Linn. Common mallow. Cheeses, Fig. 248. Trailing 
biennial or perennial, rooting; leaves orbicular, indistinctly lobed, toothed: 
flowers small, white or pinkish, clustered in the axils. Yards and roadsides; 
from Europe. A common weed. 

2. ALTHEA. Mabsh Mallow. 

Differs from Malva chiefly in having a 6-9-cleft involucre. 
A. rdsea, Cav. Hollyhock, Figs. 222, 223, 263. Tall perennial, with 
angled or 5-7-iobed cordate leaves, and large flowers in many colors. China. 

3. ABtTTILON. Indian Mallow. Fig. 182. 

Mostly shrubs, often with maple-like leaves, and no involucre to the 
flower: ovaries and fruits several-seeded. Contains conservatory plants. 
Fig. 520. 
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A. ttrUltum var. Th6mptoiiii» Veitoh. Spotted flawerino maple. 
Shrub: leaves 3-5^1obed but more typically 5-7-lobed, green: flowers 
drooping, on long solitary axillary peduncles, bell-shaped, veiny-orange or 
red. A conservatory and house plant. Several forms are in cultivation, 
probably cultural variations from the tropical American type. 

A. Theophr&sti, Medic. Velvet leaf. Indian mallow. Stout 
annual, 3 or 4 ft., densely pubescent: flowers yellow, erect, on 
peduncles shorter than the long petioles: leaves large, roundish 
heart-shaped, taper-pointed, and velvety: calyx 5-cleft; carpels 
12-15, united, pubescent, beaked, 2-vaIved, with 3-9 seeds in. 
each cell. August to October. Weed, from Asia. 

4. HIBiSCUS. Ross Mallow. 

Herbs or shrubs, with an involucre of many narrow ^^^.?"*®'' 
bracts: stamen-colimm anther-bearing most of its length: 
styles, 5, united: pod 5-loculed, loculicidal: flowers large and showy. 

H. syriacus, Linn. AUhea of cultivated groimds. Rose of Sharon. 
Shrub 10 ft.: leaves wedge-ovate and 3-lobed: flowers showy, in various 
colors, in the leaf-axils in summer and fall, often double. Asia. 

XXV. GERANlACEiE. Geranium Family. 

Herbs, chiefly with simple leaves: flowers perfect, in most genera 
nearly regular (but sometimes very irregular), 5-merous; stamens as 
many or twice as many as the sepals, hypogynous; ovary single, the 
locules usually as many as the sepals: fruit capsular. A most diverse 
family, often divided into several. There are about 20 genera and 700 
species. Common examples are geranium, pelargonium, nasturtium, 
balsam, jewel-weed or touch-me-not, oxalis. 

A. Flowers regular or very nearly so. 

B. Leaves simple (often deeply lobed). 

c. Anther-bearing stanSens 10. . . : 1. Oeranium 

cc. Anther-bearing stamens about 7 2. Pelargonium 

BB. Leaves compound 3. Oxalis 

AA. Flowers very irregular. 

B. Flower with one very long spur 4. Tropseolum 

BB. Flower hanging by its middle, with a short hooked spur.5. ImpaHena 

1. GERANIUM. Cranbsbill. 

Small herbs with forking stems and 1-3-flowered peduncles: sepals and 
petals 5; glands on the torus 5, alternating with the petals; stamens 10, 
usually all of them with perfect anthers: fruit 5 1-seeded carpels separat- 
ing from the axis from the base upwards and curling outwards. 

G. maculHtum, Linn. Comm,on wUd craneebill. Fig. 195. Perennial, 1-2 
ft., hairy erect: leaves orbicular, deeply 5-7-parted: petals entire, hairy 
on the claw: flower rose-purple, 1 in. across. Common; spring. 
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G. RobertUnom, Liim. Herb Robert, Annual or biennial, 1 ft. or some- 
times less, somewhat hairy, spreading: leaves 3- or 5-diyided into pinnatifid 
divisions: fls. ^ in. or less across, pink-red. Moist places; common. 

2. PELARGONIUM. Gbeanium of gardens. 

Somewhat fleshy, strong-scented plants, dififering from Geranium in 
having a somewhat 2-lipped corolla, and stamens with anthers less than 10. 

P. hortdrum, Bailey. Garden geranium. Fish geranium. Fig. 39. Stem 
somewhat succulent and hairy: leaves orbicular or reniform, crenate-lobed, 
often with bands of dififerent colors : flowers in umbel-like clusters, deflexed in 
bud of many colors, often double. South Africa, but of hybrid origin. 

P. peltAtum, Ait. Ivy-leaved geranium. Trailing: filaments 10, some 
being sterile: petals pink or white, nearly equal: leaves more or less peltate, 
nearly or quite smooth, 5-angled or -lobed. 

P. frftgrans, Willd. Nutmeg geranium. Stems somewhat shrubby, 
and the branches straggling, thick, and softly haiiy: leaves small, rounded, 
very downy, fragrant: flowers small, white. 

P. gravdolens. Ait. Rose geranium. Somewhat shrubby: filaments 10, 
some sterile: leaves divided palmately, the 5 or 7 lobes more or less toothed, 
re volute and rough-edged: petals not equal, but 2 upper larger: flowers 
umbelled, small, pinkish-lavender, veined with darker: plant very fragrant. 

3. 6XALIS. OXALIS. WOOD-SORBEL. 

Low often tuberous herbs with small flowers which have no glands on 
the torus-disk: leaves digitate, of 3 or more leaflets, usually mostly radical: 
flowers (opening in sun) with 5 sepals and petals and 10 somewhat mona- 
delphous stamens, the alternate ones shorter: pod 5-loculed, often opening 
elastically. The following have 3 obcordate leaflets, closing at night. 

O. strfcta, Sav. Common yellow oxalis. Fig. 300. Stem leafy and branch- 
ing: peduncles bearing 2-6 small yellow flowers. Common in fields. 

O. Acetos^lla, Linn. Wood-sorrel. Scape 2-5 in. high, from a creeping 
rootstock: flowers white and pink-veined. Deep woods. 

O. vioUcea, Linn. Scape 5-10 in. high with an umbel of several bright 
violet flowers, from a scaly bulb. Woods South, and a common window- 
garden plant. 

4. TROPiEdLUM. Nasturtium of gardens. 

Tender, mostly climbing herbs (by means of leafstalks), with one of the 
5 petals extended into a long, nectar-bearing yellow spur: petals usually 5, 
with narrow claws, often bearded; stamens 8, of different shapes; carpels 

3, indehiscent in fruit. The following (from Peru) have peltate orbicular 
leaves (Fig. 140). 

T. mHjus, Linn. Climbing nasturtium. Tall-climbing: flowers yellow, 
red, cream-white, and other colors; petals not pointed. 

T. minus, linn. Dwarf nasturtium. Fig. 211. Not climbing: petals 
with a sharp point. 
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5. IMPATIENS. Touch-me-not. Jewel-weed. 

Soft or succulent tender herbs with simple alternate or opposite leaves 
and veiy irregular flowers: sepals 3 to 5, usually 4, one of them produced 
into a large curving spur; petals apparently 2, but each 
consisting of a united pair; stamens 5: fruit 5-valved, 
elastically discharging the seeds (whence the names "Im- 
patiens" and "touch-me-not"). 

I. Bals&mina, Linn. Garden haUam. Erect and stout, 
1-2^ ft.: leaves lanceolate, toothed: flowers in the axils, 
of many colors, often full double. 

I. bifldra, Walt. (J. fulva, Nutt.). Orange jewel^eed. impatj^ biflora. 
Fig. 521. Tall branching plant (2-4 ft.) with alternate 
oval or long-oval blunt-toothed long-stalked leaves: flowers ^.in. long, 
horizontal and hanging, orange-yellow with a red-spotted lower lip, the 
upper lip less spotted and of one piece, the 2 green sepals at the apex of 
the pedicel closely appressed to the tube, the tail of the spur curled under 

the spur: pod opening elastically when ripe, throwing the 
seeds (the 6 valves quickly curling from above down- 
wards). Common in swales. 

I. p&llida, Nutt. (J. aiirea, Muhl.). YeUow jewel-weed. 
Fig. 522. Leaves usually stronger-toothed, the teeth usu- 
ally ending in sharp points: flowers 1 in. long and much 
broader than those of I. biflora^ clear yellow, the upper lip 
of two parts, the lower also of 2 parts and nearly hori- 
Bontal, the 2 sepals at apex of pedicel large and not closely 
522. appressed, tail shorter: pods as in the other. Less common 

Impatdena pallida, than the other, but often growing with it. 

XXVI. SAPINDACEiE. Soapberrt or Maple. 

Trees or shrubs, of various habit: flowers polypetalous or apeta- 
lous, often inconspicuous, 4- or 5-merous: stamens 10 or less, borne 
on a fleshy ring or disk sUtrounding the single 2-3-loculed pistil: fruit 
a pod or samara. A various family, largely tropical. Genera about 75 
and species about 600-700. Maple, box-elder, buckeye, horse-chest- 
nut, bladder-nut, are familiar examples. 

A. Herb: climbing by hook-like tendrils among the 

flowers in the cluster: fruit an inflated pod 1. Cardioapermum 

AA. Trees and shrubs. 

B. Stature of trees (or tall shrubs). 

c. Leaves simple (more or less palmately lobed) 
or (in 1 species) 3-5 pinnately compound: 

fruit a samara (with 2-winged seeds) 2. Acer 

cc. Leaves digitately compound, 5-9 leaflets 3. JEactUtis 

BB. Stature of shrubs: leaves pinnately 3-7 compound: 

fruit a large bladdery pod 4. StaphyUa 
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JB. Hippoc&ttaiittm, Linn. Common futrae-cheatntU, Fig. 277. Buds 
noticeably large and resinous: leaf-scars large, horseshoe-shaped: leaves 
large, palmately compound, usually with 7 leaflets; leaflets obovate, abruptly 
pointed at tip: corolla of 5 petals, white, spotted with purple and yellow; 
stamens long, ezserted: fruit prickly. Blooms June to July. 

JB. mbiciinda, Loisel. Red tiorae-cheatntU, Small, round-headed tree, 
cultivated: leaflets 5-7: petals 4, broad, on slender claws, rose-red; stamens 
usually 8. 

JB. glibra, Willd. Ohio buckeye. Tall tree, native in woods and along 
river banks, west of Alleghanies: bark rough and ill-scented when peeled or 
bruised: leaflets 5, oval or oblong, acuminate: flowers small, in short panicle; 
petals 4, narrow, on claws, nearly equal, erect, pale yellow; stamens longer 
than petals: fruit prickly at first. April, May. 

JR. oct&ndra. Marsh. Sweet buckeye. Large tree, rarely shrubby : bark 
dark brown, scaly: leaflets usually 5, sometimes 7: flowers yellow; calyx 
oblong; petals 4, very unequal, long-clawed, connivent, longer than sta- 
mens: fruit glabrous. Rich woods West and South. April and May. 

JR. Pivia, Linn. Red buckeye. Shrub or small tree, 3-10 ft., found in 
fertile soil West and South: flowers red; calyx tubular; petals 4, unequal, 
longer than the stamens: fruit nearly smooth. 

4. STAPHYL^A. Bladdeb-nttt. 

Upright shrubs with opposite leaves, pinnately compoxmd, with 3-7 leaf- 
lets, stipulate: flowers small, white, in drooping clusters; sepals, petals and 
stamens 5; styles 2-3: capsule a large bladdery pod, 2-3-lobed, 2-3-celled, 
each cell several-seeded. 

S. trifdUa, Linn. Shrub 6-10 ft., in thickets, in moist soil: leaflets 3, 
ovate, acimiinate, serrate, stipules deciduous: flowers bell-like, white, in 
clusters at ends of branchlets. 

XXVII. POLYGALACE^. Milkwort Familt. 

Herbs or shrubs, with leaves mostly simple, entire, without stipules, 
and flowers irregular and perfect. Represented by the genus 

POL^GALA. MiLKWOBT. 

Mostly herbs, with bitter juice: flowers very irregular, some often cleisto- 
gamous; sepals 5, unequal, 2 of them winged and colored (petal-like); petals 
3, usually united into a tube, the middle petal hooded or crested, or other- 
wise appendaged; stamens 6 or 8, the filaments usually monadelphous, but 
the sheath split, more or less connate, within or hidden in the middle petal; 
ovary 2-celled. The irregularity of the flowers makes some of the species 
conspicuous, but others have very minute flowers, difficult to examine. 

P. paucifdlia, Willd. Fringed polygala. Flowering wintergreen. The 
most striking of the common milkworts, the flower being large (about 1 in. 
long) and showy, rose-purple, with a fine, fringed crest on the central corolla 
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lobe: plant low, 3-4 in. high, branching, 'from a creeping roots took, with 
oval petiolate leaves clustered near the tips of the stems, the lower leaves 
scale-like: there are small, whitish and fertile (cleistogamous) flowers on the 
rootstock. In moist, rich woodland. East and North. 

P. Senega, Linn. Seneca anakerooL Flowers small in terminal, slender, 
spike-like racemes: stem erect, 8-15 in., simple and les^y: leaves lanceolate, 
alternate: flowers white or greenish, on very short pedicels; corolla with 
small crest. Perennial. 



XXVIII. LEGUMINbSiE. Pulse, or Pea Family. 

Herbs, shrubs, or trees, mcMstly with pinnately compound alter- 
nate leaves: flower papilionaceous in the species described below: 
fruit typically a legume. A vast family and widely dispersed, with 
many tropical species. Genera about 400, and species about 6,500. 
By some authors, the species with papilionaceous flowers are separated 
into the family Papilionaces, and those of the acacia tribes, with 
regular flowers, as the Mimosacese. Familiar leguminous plants are 
pea, bean, lupine, clover, alfalfa, vetch, wistaria, locust, red-bud. 

A. Shrubs, twining 1. Wisteria 

AA. Trees, or erect shrubs. 

B. Leaves once or twice pinnately comiwund: flowers 
in racemes: often large trees. 
c. Flowers truly papilionaceous, rather large and 
showy, usually fragrant: leaves with sharp 

spines or prickles often in place of stipules 2. Robinia 

cc. Flowers small, greenish and inconspicuous, not 
truly papilionaceous: tree usually armed with 

large pronged thorns 3. GlediUia 

BB. Leaves simple, entire: corolla not truly papilionaceous: 

fls. in umbel-like clusters, before the leaves 4. Cercia 

AAA. Herbs. 

B. Plant climbing by tendrils. 

c. Calyx leafy-lobed 6. Piaum 

cc. Calyx not leafy-lobed. 

D. Style flattened, bearded' down 1 side 6. Lathyrua 

DD. Style slender, with a tuft of hairs at apex only, 

or about the upper part 7. Vicia 

BB. Plant not tendril-bearing: leaves compound. 

D. The leaves 3-foliolate (sometimes simple in No. 9). 
s. Leaves digitately compound. 

p. Stamens diadelphous (9 and 10), and the 

flowers in heads, or spikes 8. Trifolium 

FP. Stamens 10, distinct: flowers in racemes 9. Baptiaia 
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BB. Leaves pinnately comi>ound (tenninal 1- 
stalked, and the stalk jointed), 3 leaflets. 
F. Flowers small, in a long raceme. 
G. Pod straight, exceeding calyx: flowers 

small, in very slender racemes 10. Melilotua 

GO. Pods curved or coiled: flowers, small to 

medium, in heads or short spikes 11. Medicago 

FF. Flowers mediimi to large, clustered at the 
ends of the raceme, 
o. Keel of the corolla coiled into a spiral. ... 12. Phaseolua 

GG. Keel curved but not coiled 13. Vtgna 

DD. The leaves more than 3-foliolate, or digitately 
compound. 

£. Digitately compound, 5-7 leaflets 14. Lupinua 

■E. Pinnately comiK)und. 

F. Even-pinnately comi>ound: many leaflets: 

flowers yellow 16. Cassia, 

FF. Odd-pinnate (sometimes 3 leaflets) of 5-7 

leaflets: flowers purplish or lavender 16. Apios 

1. WISTARIA. 

Tall shrubby twiner, producing long, dense racemes of showy flowers: 
leaves pinnate, with several or many leaflets: 2 upper calyx-teeth shorter: 
standard large and roundish: pod knotty, several-seeded. 

W. chin^nsis, DC. Wistaria. Popular climber for porches, from China, 
with large drooping racemes of bright blue (sometimes white) pea-like 
flowers in spring and summer. 

2. ROBInIA. Locust. 

Trees or large shrubs with comi>ound, odd-pinnate leaves, with stipules 
or stipular spines, the base of the leaf-stalk covering the next year's bud: 
flowers showy, pea-like, hanging in axillary racemes; calyx 5-cleft; standard 
of the corolla large, turned back, inclosing side petals in bud. 

R. Pse^do-Acftcia, Linn. Common black locust Tree, native West and 
South, everywhere introduced and valuable for timber. Bark nearly black, 
very rough: stiff spines at base of each leaf: leaflets 9-19, ovate or oval, 
somewhat mucronate at tip, on short stalks: racemes 3-5 in. long, from 
axils, pendulous, slender and loose, the flowers white, very fragrant: pod 
smooth, 4-7-seeded. 

R. viscdsa. Vent. Small tree, native to southern states: cultivated: leaf- 
stalks, branchlets and pods glandular- viscid (clammy): prickles short: 
flowers roseate, in dense, erect racemes. April to June. 

R. hfspida, Linn. Rose acacia. A straggling shrub, to 10 ft.: branches, 
stalks, and pods bristly with flexible red spines: flowers pink, handsome, in 
loose pendulous racemes. Native of southern mountains. Cultivated. May 
to June. 
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3. GLEDITSIA. Honbt Locust. 

Trees, thorny with stout branching spines on branches and usually on 
trunk: leaves abruptly pinnate, frequently bi-pinnate, and all gradations 
often on same leaf: flowers in axillary, spicate racemes, greenish, inconspicu- 
ous, somQ imperfect, not papilionaceous; calyx-tube uhort, 3-5 cleft; petals 
3-5, nearly equal, inserted on calyx-tube; stamens 3-10, distinct, inserted on 
petals: fruit a large, leathery, flat pod, elongated, containing 1 to many 

8C0QS* 

G. triac&nthos, Linn. Large tree with hard and heavy wood: pods 6-18 
in. long, an inch or so wide, twisted or hoop-like, filled with sweetish pulp 
between the several to many smooth, shiny seeds. 

4. C£RCIS. Rbdbud. 

Small trees with simple, rounded, heart-shaped leaves and tiny stipules 
soon falling: flowers roseate-purple, in numerous small clusters along 
branches, even on trunk, before leaves, thus giving the tree a striking 
appearance; calyx 5-toothed, campanulate; corolla irregular, not papil- 
ionaceous; petals 5 and standard inclosed by wings; stamens 10, distinct: 
legume oblong, flat, many-seeded, margined on one edge. 

C. canadtosis, Linn. Redbud. Judas tree. Native small tree of middle 
and southern states, 10-30 ft. high, irregularly branching: bark smooth and 
dark. Cultivated as ornamental tree, April, May. 

5. PiSUM. Pea. 

Slender herbs, climbing by tendrils which are homologous with leaflets: 
leaves pinnate, with 1-3 pairs of foliar leaflets, and very large, leafy stipules: 
lobes of cal3^ leafy; flowers large, white, or pink, on axillary peduncles: pod 
a typical legume, several-seeded. 

P. sativum, Linn. Garden pea. Figs. 206, 310. Smoothand glaucous: leaf- 
lets usually 2 pairs, broad-oval: peduncles 2- or more-flowered. Old World. 

6. LATHTRUS. VsrrcHLiNa. 

Much like Pisum, differing chiefly in very technical characters, but best 
told in general by the narrow leaflets and pods, and not leafy calyx. 

L. odorHtus, Linn. Sweet pea. Figs. 177, 245. Annual, the stem hairy: 
leaflets one pair, narrow-oval or oblong: flowers 2 or 3 on a long peduncle, 
very fragrant, in niany colors. Southern Europe. 

L. latifdlius, Linn. Everlaating pea. Fig. 272. Perennial of long dura- 
tion, smooth, the stems winged: leaflets one pair, long-oval: flowers many 
in a dense cluster on long peduncles, rose-purple and white. Europe. 

7. VlCIA. Vetch. Tare. 

Herbs, mostly trailing or climbing by tendrils from the ends of pin- 
nately compound leaves: leaflets usually many, entire or emarginate: 
stipules half-sagittate: flowers in axillary racemes or pairs; ceXyx somewhat 
oblique, 5-toothed; wings adhering to keel; style slender, bent, hairy or with 
hairy ring beneath stigma: pods flat, 2-valved, 2- to several-seeded. 
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V. ameiicina, Muhl. Perennial, smooth: leaflets 10-14, oblong, blunt: 
peduncles 4-8-flowered: flowers purplish-blue, ^i-H in. long. Moist sofl. 

V. Cr&ccA, Linn. Perennial, more or less pubescent, with weak stems: 
leaflets 12-24, oblong to linear, mucronate: racemes many-flowered, 1-sided, 
spike-like, on axillary peduncles; flowers blue to purple, H-}4^ in* long. 
Dryish soil. 

V. sativA, Linn. Spring vetch. Annual, rather pubescent, not climbing: 
leaflets, 5-7 pairs, oblong or obovate, to linear, obtuse or retuse or mucro- 
nate: flowers in pairs, from axils, nearly sessile, violet-purple, K-1 in. long: 
pod smooth, linear, 5-10-seeded. Cultivated or wild; from Europe. 

V. villdSA, Roth. Hairy or vnnter vetch. Diffuse, very hairy: flowers 
showy in long axillary racemes, deep purple: seeds small and black. Culti- 
vated and escaped. Europe. Annual and biennial, perhaps sometimes 
perennial. 

8. TRIF6LIUM. Clover. 

Annual or perennial herbs with digitate leaves of 3 leaflets (all 3 leaflets 
joined directly to top of petiole): flowers small, with bristle-form calyx- 
teeth, in dense heads: fruit a 1- to few-seeded little pod which does not 
exceed the calyx. 

a. Flowers aeeaUe in the dense heads. 

T. prAt^nse, Linn. Common red clover Figs. 85, 173. Erect, 
1-2 ft., with oval or obovate leaflets, which have a pale spot 
or band near the center and usually a notch at the end: flowers 
rose-red, honey-sweet, the heads closely surrounded by leaves. 
Europe, but common everywhere in the North. 

T. medium, Linn. Medium red clover. Larger, the stem less 
straight, the leaflets oblong, entire and with a spot: head stalked 
above the uppermost leaves. Otherwise like the last. 

T. arv^nse, Linn. Rahhit-foot clover. Annual; 5-10 in., 
erect: flowers sessile in dense, cylindrical heads, which become 
very soft and grayish fur-like, from the silky plumose calyx- 
Trifoiium teeth; corolla insignificant, whitish. Dry, sandy soils; intro- 
inoarnatum. duced from Europe. 

aa. Flowers short-stalked in the heads. 

T. h^bridum, Linn. Alsike clover. Slender, from a prostrate base, 1-3 
ft.: leaflets obcordate: head small and globular, light rose-colored. Europe. 

T. ripens, Linn. White clover. Small, the stems long-creeping and 
sending up flowering stems 3-12 in. high: leaflets obcordate: heads small, 
white. Common; native, also European. 

T. incamHtumy Linn. Crimson clover. Fig. 527. Stout, hairy, erect 
plant, l-2>^ ft., with obovate-oblong leaflets and brilliant crimson flowers 
in a long-stalked head. Europe; now frequently cultivated. 

T. refl6xum, Linn. Buffalo clover. Annual or biennial, pubescent, ascend- 
ing 8-18 in. : standard purple, keel and wings whitish: leaflets oval or obovate, 
finely toothed. Most common in central sf ates, from western New York. 
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T. procfimbens, Linn. Low hop clover. Annual, slender, procumbent 
or upright to 6 or 12 in. : flowers yellow, turning brown and dry when old, 
finally reflezing; standard striate; heads small, rounded, 20-40-flowered: 
leaflets wedge-shaped and notched at end, terminal one stalked, stipules 
ovate. June. Dry soil, introduced. 

T. AgriUium, Linn. Hop clover. Larger: leaflets ovate- 
oblong, the terminal one not stalked, and stipules narrow 
and joined for half their length to the petiole. Introduced. 

9. BAPTISIA. False Indigo. 

Perennial herbs: leaves palmately 3-foliolate, with 
stipules (or, simple, sessile, exstipulate, perfoliate leaves): 
flowers racemed; calyx 4-5-toothed; standard erect, 
rounded, the sides rolling back; keel and wings oblong, 
nearly straight; stamens 10, distinct: pod stalked in a 
persistent calyx, pointed, inflated, many-seeded. Plants 
usually blackened in drying. 

B. tinctdria, R. Br. Bushy, erect to 2 ft., somewhat 
glacuous: leaves sessile or nearly so, with tiny deciduous 
stipules; leaflets small, entire, wedged-ovate : racemes 
many, terminal, loosely few-flowered; flowers yellow, about 
H in* long, papilionaceous. Dry soil in woods. 



10. MELILdTUS. Sweet Cloveb. 
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Tall, erect annuals or biennials, with sweet-scented 
herbage and small white or yellow flowers in numerous 
open racemes: leaflets, 3, oblong: pod ovoid, somewhat exceeding the calyx, 
1-2-seeded. 

M. ilba, Desr. White sweet clover. Bokhara clover. Fig. 184. Two 
to 5 ft. tall, smooth: leaflets truncate: flowers white, the standard longer than 

other petals. Europe; common on roadsides. 

M. offlcinUis, Lam. Yellow sweet clover. Fig. 528. 
Leaflets obtuse: flowers yellow. Less common than the 
other. 

11. MEDIC Ago. Medick. 

Clover-like plants with small flowers in heads or 
short spikes and toothed leaflets: particularly distin- 
guished by the curved or coiled pod. 

M. sativA, Linn. Alfalfa. Lucerne. Figs. 21, 246, 
629. Medioago sativa. ^29. Erect perennial, with ovate-oblong leaflets and 

short spikes or dense racemes of blue-purple flowers. 
Europe, (irown extensively for forage, being made into hay and also 
ground into "alfalfa meal." 

M. lupulina, Linn. Black medick. Trailing clover-like plant, with obovate 
leaflets and yellow flowers in heads or very short spikes: pod black when 
ripe. Europe; common weed East. 




PhUEolua vulguis. 
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12. PHASfiOlQS. Bbah. 

Tender herbs, often twining, tbe flowers never yellow, and the pinnate 
leaves of 3 leaflets: floweis usually in clusteiH on tlie joints of the raceme or 
at the end of the peduncle, the keel (inclosing the GHsential orgBUs) coiling 
into a spiral: fruit a true legume. 

P. Tulglria, Linn. Common btaii; Fiss. 1, 308, 309, 

311,313,322,530. Amiual: twining (the twining habit 

' bred out in thfl "bush beans"): leaflets ovate, the lateral 

". ones unequal-sided: flowera white or purplish, the racemes 

Bborter than the leaves: pods narrow and nearly 

straight. Probably from tropical America. 

P. Inoltui, Linn. Lima bran. Fig. 531. Annual; tall- 
twining (also dwarf forms): leaflets large: Sowern whit- 
ish, in racemes shorter than the leaves: pods flat and 
curved, with a few large flat seeds. South America. 

P. mnltiflenM, Willd. Scarlet runner bean. Perennial 
. warm countries from a tuberous root, tall-twining: 
leaflets ovate: flowers bright scarlet (white in the "White Dutch Runner 
bean") and showy, the racemes exceeding tbe leaves; pod long and broad 
but not flat. Tropical America: cultivated for ornament and for food. 

13. VlGHA. CowFEA. 
Differs from Phaseolus chiefly in technical characters, one . 

of which is the curved rather than coiled keel of the flower. 

V. BinSnsiB, Kndl. Cowpea, Black pea. Slock pea. 
Figs. 273, 632. Long-trailing or twining, tender annual; leaf- 
lets narrow-ovate ; flowers white or pale, 2 or 3 on the apei i 
a very long peduncle, the standard rounded; pod slender 
and long, cylindrical; seed (really a bean rather than pea) 
small, ahort-oblong. China, Japan; much grown South for forage, and 
used also as cover-crop. 

14. LUPlnUS. LupiNii. 

Low herbs; leaves palmately compound, 5-16 foliolate, rarely simple: 
flowers showy, in terminal spikes or racemes; oUyx 
decidedly 2-lipped: standard round, sides rolled back- 
ward: keel incurved, sickle-like: wings lightly united 
above keel: stamens monadelphous, with 3 alternate 
anthers, different in siie and shape from others : pod 
oblong, flattened, often knotty. 

L. perinnis, Linn. Perennial, somewhat downy: 
Stem erect to 1 or l^ ft.: leaflets 7-11, large, radiat- 
ing, nearly seBsile, oblanceolate, mucronate; stipules 
small: Sowers btue or whitish, in loose racemes; pod 
linear-oblong, hairy, 5-6-Seeded. Sandy soil. May to 
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15. CASSIA. Sbnna. Fig. 247. 

Our herbs with odd-pinnate, compound leaves and yellow flowers: sepals 
5, nearly equal; corolla not papilionaceous, nearly regular; petals 5, stamens 
5-10, some anthers usually imperfect: pod often curved, many-seeded. 

C. maril&ndicA, Linn. Smooth perennial, 3-4 ft. : leaflets 6-9 pairs, lance- 
olate-oblong, mucronate, with a gland at or near base of petiole: stipules 
deciduous: stamens 10, 3 imperfect, with deformed anthers, the anthers 
black: flowers showy yellow, short, axillary racemes. Summer. 

16. APIOS. Groundnut. 

Perennial, twining herb, with edible underground tubers: leaves pin- 
nately 3-7-foliate: flowers in short, dense, often branching axillary racemes: 
calyx rather 2-lipped: standard broad and reflexed: keel strongly incurved, 
pushing into the standard, and finally coiled or twisted. 

A. tuberdsa, Moench. Flowers brownish purple, sweet-scented, in dense 
racemes about 1-3 in. long: no tendrils: juice milky. Summer. In low, 
moist ground and shady woods. 



XXIX. ROSACEiE. Rose Family. 

Herbs, shrubs and trees, much like the Saxifragacese: leaves 
alternate, mostly with stipules (which are often deciduous): flowers 
mostly perfect and polypetalous, the stamens usually perigjmous, 
mostly numerous (more than 20); pistils 1 to many: fruit an achene, 
follicle, berry, drupe, or accessory. A very mixed or polymorphous 
family, largely of temperate regions, of about 75 genera and 1,200 
species. By some writers, divided into three or four families. Common 
rosaceous plants are rose, strawberry, apple, pear, plum, peach, dierry, 
blackberry, raspberry, spirea, cinquefoil. 

A. Herbs. 

B. Torus not enlarging. 

c. Carpels many, in a head. 

D. Style deciduous 1. PoterUiOa 

DD. Style persistent on achene, usually jointed and 

plumose 2. Oeum 

CO. Carpels 2: calsrx prickly and lobes closing over 

the fruit: 1 or 2 achenes 3. Aorimonia 

BB. Torus becoming fleshy: flowers directly from the 

crown or root .••••' 4. Fraoaria 

AA. Shrubs or trees. 

B. The ovary 1, superior: fruit a drupe 5. Prunu9 

BB. The ovaries more than 1. 

c. Fruit 1-seeded drupes aggregated, or achenes. 

Y 
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D. Ovaries many, free from calyx and torus, be- 
coming drupelets 6. Rulms 

DD. Ovaries 5-8: shrubs not prickly: leaves simple: 

flowers yellow: fruit achenes 7. Kema 

cc. Fruit achenes inside a hollow torus 8. Rosa 

ccc. Fruit a ix)me: ovaries usually 6, immersed in the 
torus. 
D. Petals oblong-spatulate: carpels 3-5-celled, but 

appeskring about 10-celled 9. Amelanchier 

DD. Petals rounded: ovaries 5. 

B. Pome with 2-seeded carpels 10. Pyrus 

BE. Pome with manynseeded carpels 11. Cydonia 

BEB. Pome with 1-5 stony kernels 12. Cratsegua 

cccc. Fruit 2-8 dry follicles, each several-seeded 13. Spiraea 

1. POTENTfLLA. FivB-riNGBR. CiNquBFoiL. 

Herbs (sometimes shrubby) with flat deeply 6-cleft calyx and 5 bracts 
beneath it, and 5 obtuse, mostly yellow or white petals; stamens many: fruit 
an achene, of which there are many in a little head on the small, dry torus: 
leaves compound. 

P. norv^gica, Linn. An erect (1-2 ft. tall) very hairy and coarse annual, 
with 3 obovate, or oblong serrate leaflets and small flowers in which the yel- 
low corolla is usually not so large as the calyx. Common weed. 

P. canadensis, Linn. Common five-finger. Trailing, strawberry-like 
with 5 narrow leaflets, but the lateral ones deeply lobed: flowers solitary, 
on axillary peduncles, bright yellow. Fields; common. 

P. arg^ntea, Linn. Perennial, with stem prostrate, branching above, 
white-woolly: leaflets 5, wedge-oblong, green above, white-pubescent beneath, 
with a few large, incised teeth, and margins revolute: flowers small, cymose, 
yellow; stamens about 20. June to September, in dry soU. 

P. fruticdsa, Linn. Stem erect (1-2 ft.), shrubby, diffusely branched: 
leaves pinnate, with 5-7 sessile leaflets, margins entire, revolute: flowers 
axillary; petals yellow, orbicular, and longer than calyx, 1 in. broad. 
Marshy and wet ground. June to September. 

2. G^UM. AvENB. 

Perennial, erect herbs, with odd-pinnate or lyrate leaves, with stipules: 
flowers resembling those of Potentilla; calyx 5-cleft with 6 alternate 
bracts; stamens, many: achenes numerous, aggregated on a conical recep- 
tacle, with long persistent styles jointed, or bent, or plumose. 

G. rivUe, Linn. Stems erect, 1-2 ft., several-flowered: root-leaves 
lyrate, and irregularly pinnate, petioled: stem-leaves few, usually of 3 
leaflets, or 3-lobed: flowers few, large, nodding, the calyx purplish, the 
petals clawed, erect, yellowish purple; styles purplish, jointed and bent in 
middle, stigmas plumose: fruit stalked in the cal3^. May to July. Bogs. 

G. canad6nse, Jacq. From 2-3 ft., with stem erect, branching, smooth 
or downy: root-leaves of 3-5 leaflets, or simple with smaller leaflets at base: 
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•tem-l«Bvet few, ninple, lobed, or 3-divided or toothed and ahort-petioted: 
flowers whitiib, the petals not longer than sepals: head of fruits sessile in 
the calyx: styles joint«d and bent near middle, the lower part hooked: torus 
bristly. Late spring and sununer. 

O. Tlrglnllnnm, linn. Differs from preceding in being hiisute: root- 
leaves 'various, but pinnate, with a very large 
rounded terminal leaflet; the upper leaves mostly 
3-parted: flowetB white or pale yellow: receptacle 
not bristly; heads of fruits on short, stout, hairy 
stalks. Low ground. Summer. 

3. AORIHdlTU. AaimioMT. 

Perennial, erect herha, with alternate odd-pin- 
nstely compound leaves, and slender, spike4ike 
racemes, with yellow flowers: leaves with small seg- -g« PnamiiM, Tiaia. 
taenia interposed, and large dentate atipulea; calyi- 

tube contracted at the throat with a 5-cleft limb, and bristly on upper 
part; petals 6; stamens slender, 5-lS, carpels 2, styles terminal: fruit dry, 
included in the prickly calyx-tube. 

A. frypostpala, Wallr. Spicate raceme teimiikating the stem (0 in. to 2 ft. 
high) , petals yellow and twice longer than the oalyi. Dryish soils. Summer. 

1. VSAGASIA. Stkawbebbt. 

Low perennials with 3 broad-toothed leaflets and a few Sowers on radical 
peduncles: torus enlarging in fniit. UEuallj' becoming fleshy. 

F. i£sca, Linn. Fig. 533. Small, very sparsely hairy, the leaves thin 
and rather light green, very sharply toothed: Bower-clusters overtopping 
the foliage, small and erect, forking: fruit slender and pointed, light colored 
e white), the achenes not sunk in the flesh. Coed woods; common 
North. 

' F. virttPillMl, 'Duch. Common field itravibenT/. 
Fig. 534. Stronger, darker green, looee-baiiy, the 
leaves with more sunken veins and larger and firmer: 
flower.iduBter slender but not overtopping the leaves, 
in fruit with drooping pedicels : fruit globular or 
broad-conical, with achenes sunk in the flesh, Ught 
colored. Veiy common. 

F. chUoCnsis, Duch. Qarden sfrawbcTTS. Fig. 

291. Low and spreading but stout, the thick leaves 

S34 EViu ' viraniana. ■°™^'''"'' llloBsy above and bluish white beneath, 

rather blunt-toothed : flower-clusters short, forking, 

the pedicels strong and long: fruit large and firm, dark colored, with 

sunken achenes. Chile. 

6. PrDNDS. Pdach. Pluu. Cbebrt. 

Tree« and shrube, mostly flowering in early spring: sepals, petals and . 
stamens home on the rim of a saucer-shaped torus, the calyx with 5 green 
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P. Ptiiici, Stokea. Peach. Fig. 535. 8maU tree, with oblone-lanoeoUU 
point«d serrate leaves and solitary funy fruits on 
last year's wood. China. The nectarine is a 
smooth-fruiffid form. 

P. aimenlaca, Linn, Apricot. FisB. 69, 536. 
Leaves ovate to round-ovate, serrate: fruits solitary, 
on last year's shoots or on Bpvm, smooth or nearly 
63fi. Pnmus perrioa. go. China, 

aa. Phitiu: flowers in vmbd-like cbittera: fntU large and amooth, utwiUy 
twtt a distinct rulure (or "creatt") on one tide and covered mih a 
"bloom" the atalk short. 

P. domHtie*, Linn. Common pivm. Figs. 200, 280. SmaU tree, usually 
with young shoots downy: leaves thick and i«latively 
large, dull dark green, ovate, oval or obovate, very rugose 'f 
or veiny, somewhat pubescent beneath, coarsely and un- 
evenly serrate: flowers large: fruits various, usually thick- j 
meated and with heavy "bloom." Europe, Asia. J 

P. aneticlua. Marsh. Wild pium ot the North. Pig. '' 
537. Twiggy small tree, often thorny, the young shoots 
usually not downy: leaves obovate, duU green, abruptly 
pointed, coarsely toothed or jagged, not pubescent bft- ' ^^- ^^ 
neathifruit small, red or yellow, tough-skiiuied and glau- *"" 
couB, the pit large and flattened. Common In thickets; improved forms are 
in cultivation. Including P. nigra, perhaps distinct. 

P. ugtlstKBlia, Marsh. Chickaaaa plum. Mounlain cherry. Pig. 638. 

Smaller, the young growth smooth and ligiag and usually reddish: leaves 

lanceolate to obJong-lanceotate, often trough-ahaped, shining, finely serrate, 

cherry-like: fruit a small thin-fieahed shining plum on a long pediceL 

Delaware, south; also in cultivation. 

aaa. Cherriet: fiowert in umfteWifce dualert: fruU 

imall and nearly glotniiar, earli/-ripening, 

vtuaUy vnthout a promineni tuiure and 

"bloom," the tialk tlender. 

P. Ciruut, Linn. Sour cherrv- Round-headed 

iToe, with flowers in small clusten from lateral buds: 

leaves hard and atiffish, «hort-ovate or obovate, 

grayish green, serrate: fruit small, aour. Europe. 

P. ATium, Linn. Saeet cherry. Fig. 639. Straight 
grower, the "leader" prominent in young trees, with 
Sowers in dense clusters from lateral spuis: leaves 
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538. Ptunus anguBtifolia. 



oblong-ovate, dull and soft, on the young growth hanging: fruit usually 
rather large, sweet. Europe. 

aaaa. Wild cherries, with email, scarcely edible fruits: 
flowers umbellate or racemed. 

P. pennsylTAsica, Linn. WUd red cherry. Pin or bird cherry. Small 
tree, 20-30 ft. high, with red-brown, 
peeling bark: flowers small, white, on 
long pedicels in umbel-like clusters, 
from lateral scaly buds, in early spring, 
before or with the leaves: fruit very 
small, globose, red, smooth, with thin, 
sour flesh. 

P. ▼irginiina, Linn. Choke cherry. 
Small tree or shrub, 5-20 ft., with 
grayish spotted bark: leaves thin, oval 
or obovate, abruptly acute at tip, 
sharp-serrate: flowers white, in short 
racemes, terminating leafy branches, appearing after leaves in late spring: 
fruit small, globose, red changing to dark crimson (nearly black), very 
astringent: usually found along banks and in thickets. 

P. 8er6tina, Ehrh. Wild black cherry. Tree, 50-80 ft., with black, rough 
bark and reddish brown branches: leaves thickisb, oblong or oblong-lanceo- 
late, acute or tapering at tip, serrate with incurving or bluntish teeth: flow- 
ers later than preceding, white, in elongated, drooping or spreading, termi- 
nal racemes: fruit deep purple or black (^ in. in diameter) with a sweetish, 
bitter taste. 

6. RteUS. Bramblb. 

Shrubs, usually thorny, the canes or shoots dying after fruiting, with 
alternate digits tely compound leaves: flowers white, in Clusters, with 
5-parted calyx and 5 petals: ovaries many, ripening into coherent drupelets. 

a. Raspberries: drupelets or berry separating from the torus. 

R. occidentilis, Linn. BUick raspberry. Figs. 142, 
290. Canes long and thorny, glaucous, rooting at the 
tips late in the season: leaves of mostly 3 ovate 
doubly-toothed leaflets: flowers in close, umbel-like 
clusters: fruits firm, black (sometimes amber-color). 
'•/ Woods, and common in cultivation. 

R. acoleatfssimtts, C. A. Meyer. Red raspberry. 
Canes erect and weak-prickly, more or less glaucous, 
not rooting at tips, leaflets oblong-ovate: flowers in racemes: fruits soft, 
red. Woods, and cultivated. 

R. odorHtus, Linn. Ftowering raspberry. Floioering "mulberry.** Shrubby 
and erect, branching, 3-5 ft., not prickly, but rather bristly and sticky- 
hairy: leaves large, 3-5-lobed: flowers large, 1-2 in. broad, in terminal 
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corymbs, the petals orbicular and purplish rose (rarely whitish): fruit red, 
ripe in August, flattened, sweetish but scarcely edible. Conunon in woods. 

aa. Blackherriea: drupeleta adhering to the torus {the torus forming 

the **core" of the berry), 

R. allegfaeni^nsiSy Porter {R. villdstta of some). Common blackberry. 
Tall, very thorny: leaflets 3 or 5, ovate and pointed, toothed, hairy beneath: 
flowers large, in open racemes: fruit cylindrical and firm, black when 
ripe. Woods, and cultivated. 

R. villdsug. Ait. {R, canadensis of some). Northern dewberry. Trail- 
ing and rooting at tips, prickly : leaflets 3-7, ovate-acuminate or oblong-ovate, 
toothed: flowers 1-3, on erect, short peduncles, large: fruit like a small and 
shining blackberry. Stejifile fields, and in cultivation. 

R. triviUis, Michz. Southern dewberry. Fig. 170. Long-trailing, very 
thorny and bristly: leaves 3-6, more or less evergreen, mostly lance-oblong 
and small, strong-toothed: flowers 1-3: fruit black. Sands, Virginia, south; 
also in cultivation. 

7. k£RRIA. Qlobe Floweb. *'Japan Rose." 

Shrubby plants with ceXyx of 5 acuminate, nearly distinct sepals; petals 
6 (or flowers double); ovaries 5-8, smooth, globose: leaves simple, ovate, 
acuminate, doubly serrate, with stipules: flowers terminal on branches, soli- 
tary or a few together. 

K. jap6nica, DC. Bush 3-8 ft. with green winter twigs: flowers orange- 
yellow, usually double: leaves sometimes variegated. Late May and June. 
Cultivated. 

8. r6SA. Rose. 

More or less thorny erect or climbing shrubs with pinnate wing-petioled 
leaves, and flowers with 5 calyx-lobes and 5 large, rounded petals: pistils 
many, becoming more or less hairy achenes which are inclosed in a hollow 
torus (fruit becoming a hip, Fig. 292). Most of the garden roses are too 
difficult for the beginner: they are much modified by the plant-breeder. 

R. Carolina, Linn. Swamp rose. Tall, often as high as a man, the few 
spines usually somewhat hooked: stipules (petiole wings) long and narrow: 
leaflets 5-9, narrow-oblong and acute, finely serrate: flowers rather large, 
rose-color. Swamps. 

R. virginiina, Mill. Usually low, with stout hooked spines: stipules 
rather broad; leaflets about 7, smooth and mostly shining above: flowers 
large, rose-color. Moist places. 

R. hilmilis, Marsh. Three feet or less tall, with straight, slender spines: 
stipules narrow; foliage usually less shining. Dry soils. 

R. rubigindsA, Linn. Sweet briar. Eglantine. Erect, 4-8 ft., curving, 

'armed with stout recurved prickles, with weaker ones intermixed: leaflets 

5-9, ovate or oval, coarsely and doubly serrate and resinous or glandular, 

pubescent beneath, very aromatic: flowers small, pink or white, solitary, 

single or double. Naturalised from Europe and in cultivation. 
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0. AMSLANCHIBR. Sbbvicb Bbrkt. Junb Bbbbt. 

Small trees or shrubs, with smooth, grayish bark: leaves simple, peti- 
oled, serrate: flowers white, in racemes, or rarely solitary; calyx-tUbe 5- 
cleft; petals 5; stamens many, short, inserted on calyx-throat; ovary 
inferior, apparently 10-celled, with 1 ovule in each cavity; styles 5, united 
below: fruit a berry-like pome, 4--10-celled. 

A. canadensis, Medic. ShadbuaK Small tree or bush 5-50 ft. high, 
with snowy white flowers in very early spring before the foliage: leaves 
ovate to oblong, sharply serrate, acute at apex, base cordate, soon smooth; 
stipules long and silky-hairy: fruit red or purple pomes, on slender pedicels, 
sweet and edible. Woods, common. 

10. PtRUS. Pbab. Apple. 

Small trees or shrubs with alternate leaves, and flowers in clusters in 
spring; flowers 5-merou8: ovaries usually 5, inmiersed in the torus, the 
styles free. 

a. Leaves simple: pear and apple, 

P. commilnis, Linn. Pear. Figs. 61, 62, 65, 66, 67, 118, 119, 196, 293. 
Leaves ovate, firm and shining, smooth, close-toothed : fruit tapering to the 
pedicel. Europe. 

P. MUus, Linn. Apple. Figs. 294-295. Leaves ovate, soft - hairy be- 
neath, serrate: fruit hollowed at the base when ripe. Europe. 

P. coroniria, Linn. Wild crab. Bushy tree to about 20 ft., somewhat 
thorny: leaves ovate-triangular to heart-shaped, cut-serrate, or somewhat 
lobed, soon smoothish: flowers large, strikingly fragrant, rose-colored, few 
in a corymb or cluster: pome flattened at the ends, long-stemmed, indented 
at the attachment to stalk, green, becoming yellowish, fragrant but sour. 
Open glades, from New York, west and south. 

P. io^nsis, Bailey. Prairie crab. Pubescent: leaves oblong or ovate, 
notched or parted along the sides, the petioles short > pome globular or 
oblong, short-stemmed, with light dots. Mostly west of Great Lakes. 

aa. Leaves compound: mountain-ashes. {Sorhus.) 

P. americAna, DC. American mountain-ash. Tree or large shrub, native 
to mountain woods in the East, but sometimes cultivated: leaves odd-pin- 
nately compound, with 13-15 leaflets that are lanceolate, taper-pointed, ser- 
rate, bright-green above: flowers numerous, small, white, in compound, flat 
cymes; styles 3-5: berry-like pomes globose, bright red, or orange, about the 
size of peas. 

P. AttCupiUia, Ehrh. English mountain-ash. Rowan. Leaves pubescent 
on both sides when young, the leaflets blunt: fruit larger than that of pre- 
ceding, about }4 in. in diameter. 

11. CYD6NIA. Quincb. 

Small trees or shrubs: flowers and leaves much as in Pyrus: ovary 5- 
celled, with many seeds in each: fruit a pome, usually hollowed at top end, 
globose, or pyrif orm. 
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C. TulgJlrii, Pen. Quince. Six to 15 ft. high, with crooked branches; 
flower solitary, large, pale pink or roseate, on shoots of the season: leaves 
oblong-ovate, acute at apex, with obtuse base, entire. A small tree grown 
for its large yellow fruits. 

C. jap6nicA, Pers. Japan quince. Shrub, 3-6 ft., cultivated for hedges 
and flowers: branches armed with short, straight spines: leaves glabrous 
and shining, acute at the end, serrulate, the stipules conspicuously reniform: 
flowers in axillary clusters, nearly sessile, crimson or scarlet. Fruit globose, 
fragrant. 

12. CRATJ^GUS. Hawthobn. Figs. 164-167. 

Large bushes or small trees, much branched, the wood tough and hard, 
usually very thorny: flowers white or pink, in dense umbel-like clusters; 
petals 5, entire; stamens 5-10 to many: fruit a small red or yellow drupe 
containing large bony stones: leaves simple, mostly toothed or lobed. Many 
species wild in North America, and some cultivated; too difficult of determi- 
nation for the beginner. The wild hawthorns are amongst the most deco- 
rative plants in the American landscape. 

13. SPIRi^A. Spibba. Fig. 193. 

Hardy perennial herbs and many ornamental shrubs: leaves alternate: 
flowers white or roseate, usually small but many; calyx 5-cleft, short and 
open; petals 5; stamens many: fruit of about 5 follicles, not inflated. A 
large and very interesting group of flowering plants, mostly with white 
bloom. Following are small shrubs: 

S. salicifdlia, Linn. Meadow-sweet. Glabrous or nearly so, erect to 3 
or 4 ft., stem often purplish: leaves simple, oblong-ovate to lanceolate, 
serrate, with stipules deciduous: flowers in terminal erect panicles, white 
or pinkish-tinged, small, with pods (follicles) 5, smooth, many-seeded. 
Moist or swampy ground. Summer. 

S. tomentdsa, Linn. . Hard?iack. Erect, 2-4 ft. high, with pubescent 
stems, rusty or hairy: leaves simple, oblong or ovate, serrate, woolly on 
lower surface, without stipules: flowers in terminal thyrse-like dense panicles, 
pink or purple (rarely white), the follicles 5, pubescent or woolly: pastures 
and low grounds. Late summer. 

S. trilobftta, Linn. Bridal wreath. Large bush with long recurving 
branches and bearing a profusion of showy flowers in flat-topped clusters: 
leaves round-ovate, crenately cut and 3-lobed. S. Van Houttei is an 
improved form. The forms of this species-group are the most popular 
cultivated spireas. 

S. hypericifdlia, St. Peter* a wreath. From 3—6 ft., leaves obovate- 
oblong or wedge-shaped, obscurely toothed or lobed: flowers white, in many 
small lateral sessile clusters, on short branches. Cultivated. 

S. Th<inb6rgii, Sieb. Compact bush with very narrow leaves, sharply 
serrate and very light green: flowers umbellate, small, white. Handsome 
species from Japan. 



SAXIFBAGES 393 

XXX. BAXIFRAGACEiE. Saxifrage Family. 

Herbs or shrubs of various habit, with opposite or alternate leaves 
that usually do not have stipules: flowers with ovary mostly inferior, 
5-merous, the stamens usually 10 or less (in a few cases as many as 
40); pistils 10 or less, either separate or the carpels united, the fruit 
a follicle, capsule or berry. A polymorphous family comprising some 
600 species in about 75 genera. Comprises saxifrage, mitre-wort, 
hydrangea, mock orange, cununt and gooseberry. 

a. Herbs. 

B. Stamens twice as many as petals. 
c. Petab entire: stamens usually 10. 

D. Flowers in cymes or. panicles (rarely solitary): 

capsule 2-beaked: ovary usually 2-celled 1. Saxifrttga 

DD. Flowers in racemes: ovary 1-celled: capsule 

2-beaked, with 1 beak the longer and larger 2. Tiarella 

cc. Petab with edges fringed or cleft 3. Mitella 

BB. Stamens (fertile) 5, or equal in number to the petals: 

clusters of sterile stamens opposite each petal 4. Pamassia 

aa. Shrubs. 

B. Leaves opposite. 
c. Stamens 8 or 10. 

D. Flowers all alike: sepals 5 5. Deutzia 

DD. Flowers tisually of 2 kinds: the marginal ones 

enlarged and neutral, apetalous 6. Hydrangea 

cc. Stamens many: petals 4 or 6, large, white 7. Philaddphua 

BB. Leaves alternate 8. Ribea 

1. SAXIFRAGA. Saxifraob. 

Herbs, with root-leaves in rosette: flowers perfect, small, whitish, in 
cymes or panicles, on leafy stems or leafless scapes; sepals 5, more or less 
tmited; petals 5, entire inserted on calyx-tube; stamens mostly 10; styles 
2 and capsule 2-beaked, or of nearly separate divergent pods. 

S. virgini^nsis, Michx. Little perennial herb with spatulate or obovate, 
petioled, crenate, thick leaves: scape 3-12 in., erect, viscid-pubescent, 
bearing many small, white flowers in a loose cyme, the petab exceeding the 
calyx. In early spring, on moist banks and rocks. 

2. TIAR£LLA. False Mitrewort. 

Perennials, with small white flowers in racemes: calyx white, campan- 
ulate, 5-lobed; petals 5, entire on claws; stamens 10, with long filaments 
from the calyx-tube; ovary 1-celled, nearly superior; styles 2, long and 
slender: capsule with two very unequal beaks. 

T. cordifdlia, Linn. Scape slender, pubescent, leafless or with 1 or 2 
leaves: stoloniferous from rootstocks: leaves cordate, lobed or toothed, 
petioled, slightly hairy or downy beneath: flowers white, in short raceme. 
Spring. Handsome. 
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3. MITfiLLA. MiTREWOBT. Bishop's Cap. 

Delicate little perennials, with small, white flowers in a raceme or spike, 
the basal leaves heart-shaped or reniform: scape with 2 opposite leaves, or 
1 or none: calyx short, 5-cleft, adherent to base of ovary; petab 5, white 
edges daintily fringed, inserted on calyx; stamens 5-10, with short fila- 
ments, on petals; styles 2, short. 

M. diph^lla, Linn. About 1 ft. tall: root-leaves in a cluster, cordate, 
ovate, somewhat 3-5-lobed, toothed, hairy: scape rather hairy, with 2 
opposite nearly sessile leaves near middle: flowers tiny, many, white. May 
to early June, in rich woods. 

M. niida, Linn. Very delicate and slender: scape usually leafless: basal 
leaves reniform, crenate: flowers few, greenish, very small, i)edicelled; not 
common. Damp, cold woods, northward. Late spring and early summer. 

4. PARNASSIA. Grass of Pabnassus. 

Low, glabrous perennials, belonging mostly to marshy or wet situations: 
root-leaves in rosettes, rounded, entire; stem-leaves 1 or few, alternate: 
flowers solitary, terminal, on a scape-like stem, white or greenish; calyx 
5-lobed to near base; fertile stamens 5, alternating with the 5 whitish 
petals, a cluster of sterile filaments at base of each petal; ovary superior 
1-celled, with 4 parietal placentsB, and usually 4 stigmas. 

P. caroliniftna, Michx. One flower with sessile petals, white, with green- 
ish veins, 1-1 ^ in. broad: root-leaf thickish, ovate or cordate, 1 leaf usually 
near base of scape: 6-15 in. high. Wet places. Summer. 

5. DEtTZU. 

Shrubs, having opposite, simple, exstipulate leaves: flowers panicled or 
racemed, numerous, white or pinkish: calyx-lobes 5; petals 5 to many; sta- 
mens 10, 5 long and 5 short, the filaments flat, commonly with 3 prongs, 
the middle prong antheriferous; ovary inferior, styles 3-6. 

D. gr&cilis, Sieb. & Zucc. Grows to 2 or 3 ft. : flowers many, white, single 
or double: leaves oblong-lanceolate, sharply serrate, green and smooth. 
June. Cultivated from Japan. 

D. scftbra, Thunb. Tall, pubescent: leaves ovate or oblong-ovate, finely 
crenate or serrate: flowers pinkish. Later-blooming than preceding, and 
much larger. China and Japan. 

6. HYDRANGEA. 

Shrubs, with opposite, stalked exstipulate leaves, and flowers of two 
kinds in terminal corymbs or cymes, the outer ones usually sterile, often 
apetalous, consisting merely of a showy, flat or spreading 5-lobed calyx, the 
fertile flowers small, with calyx-tube 4-5-toothed; petals 4 or 5: stamens 8- 
10, filaments slender; ovary inferior, 2-celled (rarely 3- or 4-celled) ; styles 2-4. 

H. arbor^scens, Linn. Leaves ovate, obtuse or cordate at base, acumi- 
nate, serrate, green on both surfaces, nearly or quite smooth: flowers in 
flat cymes, often all fertile, but sometimes with many large, white, sterile 
flowers. Along streams. June to July. 



BjUUFRAGE fauilt 395 

H. Hortlnil*, DC. Smooth, with larKe, toothed, bright green oval 
leaves and flowen nearly all neutral, pink, blue or whitish, in great round- 
ish dusters. China and Japan. Cultivated iu greenhouses. 

H. pudcnUta, 8ieb. Somewhat pubescent, with oUong-ovate, long- 
pointed, dull, sbarp-toothed leaves, and whitish floweis in great elongated 
panicles. Japan. The common hydrangea of lawns. 

7, PBILADfiLPHUS. Mock OaAJioE (from the flowers). Sybinoa. 

Shrubs with showy corymbose o: 
■imple leaves: petals 4 or 5; stamens 
ing a capsule. 

P. coionliins, Linn. Tall shrub with erect branches: leaves obtong- 
ovate and smooth: flowers cream-whii«, fragrant, in close clusters, in late 
qiring. Europe. 

P, grandlflArus, Willd. Tall, with long recurving branches: leaves ovate- 
pointed and somewhat downy beneath: flowers pure white, scentless, in 
loose clusters. Virginia, south, and planted. 

8. RIBBS. Goobbbbbbt and CimsANT. 

Low shrubs, often prickly, with alternate digitately lobed leaves: 
flowers small; sepals 6 and petal-like, on the ovary; petals and stamens 6, 
borne on the calj^: fruit a small globular berry. 

a. Qooadterries: fitnuers tS: uaitally apines heiow the iea^Ba. 

R. OSjracanthoIdes, Linn. Small bush, with long. Rraccful branches and 
very short thorns or none: leaves thin, orbfcular-ovate. about 3-lobed, 
the edges thin and round-toothed: Bowers on very short peduncles, the 
calyx-lobes longer than tlie calyx-tube, the ovaiy and berry smooth, the 
fruit reddish or green. Swamps North; probable parent of Houghton and 
Downing gooseberries. 

R. GroHullila, Linn. Ermli*k gooaebeir]/. Stiffer and 
denser bush, with &na and thickish more shimng leaves, i 
which have revolute marginB: ovary downy and the large , 
fruit pubescent or bristly. Europe ; parent of the largo- ^ 
fruited gooseberries. 

R. Cyn6tbBtl, Linn. Tall, open prickly bush, with 
thickish bluntly 3-lobed downy leaves and long peduncles 
bearing 3 or more flowers with calyi-Iobes shorter than 
the tube : leaves rounded and 3-lobed : fruit dull purple, 
either prickly or smooth. Common in dry places. 640. Ribee.vulgaie. 

oa. CurranU: flowen in Ume racenKt: no apina. 

R. Tvlglre, Lam. Rtd and white curronl. Fig. 640. Erect bush, with 
brosd-cordate S-Mobed leaves with roundish lobes and not stronB-smelliuB; 
TBCeineB drooping, the flowers greenish and nearly flat open: berries <cur- 
rantl) red or white. Europe. 

R. algrom, Linn. Black curronl. Stronger bush, with strong-scented 
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leavea Bod larger oblong or bell-ahaped flowers with bracts much Bborter 
than the pedicels: berries black and straDB-smeUiiiB. Europe. 

R. fl6riduni, L'Her. (A. amerieanum, Marsh.). WiJd blade currant. 
Fig. 541. Straggling bush, with beari-ehaped 3-5-lobed doubly serrate some- 
what scented leaves: flowers in loun racemea, whitish, with In'acts longer 
than the pedicels: fruit black, scented. Woods. 

R. a^enin, Pureh. Golden, buffalo, or ftmDering curranL Fig. 542. 
Large bush, with racemes of long-tubular yellow very 
fragrant flowers; fruit blackish. Missouri, west, but com- 
moD in gardens for its fiowai«. 



XXXI. ONAGRACE^. Evijnino Pkimrobe Family. 

Mostly herbs: leaves various, altenia.te or opposite, 
without Btipulee; flowers perfect, usually 4-parted, with 
calyx-tube joined to ovary and often prolonged, the 
margin 4-lobed, lobes valvate in the bud, usually 
reflexed in flower: petals 4 (2-9), on throat of calyx- 
tube: stamens as many or twice as many as petals: style I, slen- 
der, the stigma 4-lobed (sometimea 2-lobed); ovary 2-4r«elled. 
More than 300 species and 40 genera, of wide distribution. 



Ml. BIb«a 



i. Calyi-tube mucii prolonged beyond the ovary. 

B. Lobes generally refleied: fruit a dry capsule, dehiscent..!. (Enolhera 
BB. Lobes large and spreading: ealyi-tube highly colored: 

fruit a. 4-celIed berry : flowers drooping 2. Fuckna 

AA. Calyx-tube not much prolonged. 

B. Stamens 8; petsJs 4 3. EpiiiUnam 

BB. Stamens 2 ; petals 2 4. Circaa 

1. <EIfOTH£RA. Etening PaiuitoHii. 

Herbs, stems usually erect: leaves alternate: Bowers brightly colored, 

regular, aiillary or in terminsJ spiltea; calyi-tube prolonged b^vnd ovary, 

the 4 lobee usually refleied, sometimes soon falling: petals 4: 

stamens 8: stigma 4-lobedi capsule usually narrow and long, 

4-celled, many-seeded. 

4X. bifinnis, Linn. Common evenina vrimToat. Figs. 27S. 416. 
Stem erect, 2-5 ft., hairy and leafy: leaves lance-oblong, 
f somewhat repandly- toothed; flowers pure yellow, fragrant, in 
r terminal, leafy Bpikes, not remaining open in broad sunshine: 
Oalyi-tnbe 2 to 3 timee longer than ovary and lobes leflexed; 
petals obcordate: pod oblong, bluntly 4-anBled. A very com- 
mon biennial of roadside and pasture, opening quiokly at 
542. Eih*. nishtfaU. 
auraum. (E. fruUcdM, Linn. Sundropa. Biennial or perennial : stem 
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erect, 1-3 ft., leafy, more or less hairy: flowers yellow, 1-2 in. in diameter, 
in corymbed racemes, open in daytime: pod decidedly 4-angled and 4- 
ribbed, rather downy, shortly stalked. Dry soil. . 

QB. pdmila, linn. Resembles preceding, but smaller, 5-12 inches high: 
corolla yellow, about ^ in. across: i)od smooth, 4-angled, sessile or short- 
stalked. Dry soil. 

2. FtCHSIA. Figs. 172, 183, 205. 

Herbs or shrubby plants (some trees): leaves opposite, or 3 in a whorl: 
flowers drooping, axillary; calyx-tube colored, extended beyond ovary; 
margin 4-lobed, spreading; petals 4 on throat of calyx; stamens 8, project- 
ing; style long: fruit a 4-celled beny. A ntmiber of species of these orna- 
mental plants in cultivation. Mainly native to South America. 

F. magell&nicA, Lam. Smooth and tender: leaves simple, toothed, 
slender-petioled: flowers' hanging on long peduncles from leaf axils; calyx 
red, lobes long, exceeding the tube and the petab; petals blue or piuple or 
red, obovate, notched, convolute about the bases of the long filaments and 
style. The conmion window-garden fuchsias (F. apeciosa) have descended 
from this species, more or less hybridized with others. 

3. BPILdBIUM. WiLLOW-HBBB. 

Mostly perennials, with leaves nearly sessile, alternate or opposite: 
flowers white or purple, spicate, racemed, or solitary; calyx-tube little 
if any longer than ovary, limb 4-cleft; petals 4; stamens 8; stigma 4-lobed: 
fruit linear, 4-sided, dehiscent by 4 loculicidal valves, manynseeded: seeds 
with tuft of long, silky hair attached to tip. 

B. angttitifdlium, Linn. Purple fireweed. Stem simple, erect, 4-7 ft.: 
lower leaves alternate, lanceolate, nearly entire: racemes long, terminal, 
showy; flowers large, about 1 in. across, reddish purple. Common in woods. 

4. CIRCiBA. Enchantbb's Nightshade. 

Low, delicate, and insignificant perennial herbs, with creeping root- 
stocks: leaves opposite, very thin, petioled: flowers very small, in terminal 
and lateral racemes; calyx-tube slightly prolonged beyond ovary; parts of 
the flower in 2's. Damp, shady places. Simmier. 

C. Lutetiina, Linn. Stem erect, 1-2 ft. tall, pubescent: leaves ovate, 
slightly repand-toothed: flowers white or pink, about H in> iu diameter, on 
slender i)edicels, bractless: fruit small, round, 2-ceIled, bristly. The com- 
mon species in damp, shady places in summer. 



XXXII. UMBELLlFERffi. Parsley Famht. 

Herbs, mostly strong-scented and with compound alternate leaves 
with petioles expanded or sheathing at the base: flowers small, mostly 
perfect, 5-merous, epigynous, in umbels or umbel-like clusters; stamens 
5: fruit consisting of 2 carpels, which are dry and seed-like and 
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indehiscent. Oil-tubes, in bhe form of stripes, 1 or several in the 
intervals of the ribs on the fruits, also sometimes under the ribs and 
on both faces of the fruit, are characteristic features of the Umbel- 
liferae. A well-marked natural family of about 1,500 species in about 
160 genera. Some of the species are poisonous. Here belong parsley, 
parsnip, carrot, celery, caraway, sweet cicely. Rather difficult for 
the beginner. 

A. Fruits bristly 1. Daucua 

AA. Fruits not bristly. 
B. The fruits winged. 

c. Wing single, surrounding the margin: flowers 

yellow 2. Paatinaca 

cc. Wing double on margin: flowers white 3. Angelica 

BB. The fruits wingless. 

c. Fruit long and slender, tapering at base: no appar- 
ent oil-tubes: flowers white 4. Osmorrhiza 

cc. Fruit ovate or orbicular. 

D. Plant low and delicate: blooms in earliest- spring: 

stem with 1 or 2 leaves, if any 5. Ertgenia 

DD. Plant tall: stems leafy. 

B. Axis not splitting in two when the carpels 

fall from it. 6. Ajdum 

EE. Axis splitting in two when the carpels or "seeds" 

fall. LeafHsegments filiform, flowers white.. .7. Carum 

1. DAtTCUS. Cabrot. 

Annuals or biennials, bristly, slender and branching, with small white 
flowers in compound umbels, the rays of which become inflexed in fruit: the 
fruit oblong, ribbed and bristly. 

D. Cardta, Linn. Carrot. Figs. 194, 410. Leaves pinnately decompound, 
the ultimate segments lanceolate: outer flowers with larger petals. Europe; 
cultivated for the root, and extensively run wild. 

2. PASTINACA. Parsnip. 

Tall, smooth biennials of strict habit and with pinnately compound 
leaves: flowers yellow, in compound umbels with scarcely any involucres: 
fruit oval, very thin, wing-margined. 

P. satlva, Linn. Parsnip. Flowering stem 2-4 ft. tall, grooved, hol- 
low: leaflets ovate or oblong, sharp-toothed. Europe; cultivated for its 
roots and also run wild. 

3. ANGELICA. 

Strong, tall, perennial weeds, with great compound leaves and large 
umbels of small white flowers, with involucre and involucels none,, or only a 
few small bracts: fruit ovate or oval, flattened, with rather broad, marginal 
wings: oil-tubes many. 
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A. atropurp^ea, Linn. A great weed, 3-8 ft. tall, in moist, rich soil or 
swampy ground, with stem stout, smooth, strong-scented, often purple: 
leaves large, 3-compound, on petioles with broad, inflated bases: imibels 
large, flowers greenish white. 

4. OSMORRHlZA. Swebt Cicblt. 

Herbs, 1-2 ft. or more, perennial, glabrous or pubescent, from thick- 
clustered, aromatic roots: leaves 2 or 3 times pinnately compound; 
leaflets variously toothed, — ^the whole leaf fern-like: flowers many, small, 
white, in compound, rayed imibels: fruit linear to linear-oblong, attenuate 
at base, short-beaked, compressed, with 5 bristly ribs: no oil-tubes. 

O. CUytdnii, Clarke. Stout, downy, 1-2 or 3 ft.: style conical, shorter 
than the ovary. 

O. longfstylis, DC. Glabrous or nearly so, otherwise much like the pre- 
ceding: style slender and about as long as the ovary: root aromatic. 

5. ERIGBNtA. 

Little, glabrous perennial, early flowering: simple stem, springing from 
a rounded tuber: leaves finely compound: flowers in small clusters, in 
leafy bracted umbels, small, white; calyx-teeth wanting; petab obovate or 
spatulate: fruit nearly orbicular, compressed on sides, glabrous, notched 
at both ends. 

E. bttlbdM, Nutt. Harbinger of spring. A delicate and pretty but incon- 
spicuous plant, 4-10 in. high, springing from the ground in earliest 
spring, on sunny slopes of woodlands. The little white petals and brown or 
purplish anthers give a * 'pepper-and-salt" appearance. 

6. APIUM. Celebt. 

Annuals or biennials, with large pinnate leaves: flowers white, in small 
umbels: fruit small, usually as broad as long, each carpel 5-ribbed: axis, 
from which the carpels fall, not splitting in two. 

A. gravdolens, Linn. Celery. Biennial, smooth: leaflets 3-7, wedge- 
shaped or obovate, the lower ones about 3-divided, round-toothed, Europe: 
cultivated for its petioles, which have become greatly enlarged. Many 
cultivated forms. 

7. CARUM. Caraway. 

Slender and erect, smooth annual and biennial herbs with pinnate 
leaves: flowers white, in compound umbels provided with involucres: axis 
bearing the carpels, splitting in two at maturity. 

p. C&rui, Linn. Caraway. Stem fiurowed, 1-2 ft.: leaves cut into 
thread-like divisions: flowers white. Europe. Cultivated for its fruits, 
known as "Caraway seed," and also run wild. 

C. hort^nse, Hoffm. (C. Petroaelinum, Benth. Petroselinum hortenaet 
Hoffm.). Parsley. One to 3 ft. : leaflets ovate and 3-cleft, often much cut or 
"curled" in the garden kinds: flowers yellowish. Europe. Grown for its 
foliage, used for garnishing and flavoring. 
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CC. QAMOPETALJS. 

XXXIII. LABlATiE. Mint Faiolt. 

Herbs, usually of aromatic scent, with 4-comered stems and opgO' 
site usually simple leaves: flowers typically 2-lipped; stamens 4 
in 2 pairs, or only 2; ovary deeply 4-lobed, forming 4 indehiscent 
nutlets in fruit. A well-marked family of some 2,700 species, dis- 
tributed in about 150 genera, of both temperate and tropical regions. 
To this family belongs the various mints, as peppermint, spearmint, 
catnip, hyssop, th3Tne, pennyroyal, savory, rosemary, sage, hore- 
hound, balm, basil. Flowers mostly in whorls in the axils of leaves or 
bracts, sometimes forming interrupted spikes. 

A. Stamens 2. 

B. Calyx nearly equally toothed. 

c. Lobes 5: throat hairy 1. Monarda 

CC. Lobes 4-5: throat naked 2. Lycopus 

BB. Calyx 2-lipped. 

c. Throat naked within 3. Salvia 

CC. Throat hairy: plants very pimgent-scented 4. Hedeoma 

JUL. Stamens 4. 

B. Corolla scarcely 2-lipped: lobes nearly equal. 

c. Border of corolla 4-lobed: upper lobe broadest and 

emarginate .' 5. Mentha 

CC. Border of corolla 4-lobed, with a deep fissure be- 
tween the 2 upper lobes 6. Teucrium 

BB. Corolla strongly 2-lipped. 
c. Calyx 2-lipped. 
D. Lips of calyx toothed: flowers in dense terminal 

spikes or heads 7. Prunella 

DD. Lips of calyx entire^ the upper humped, or 
appendaged: flowers axillary in bracts or leaf 

axils, solitary or racemed 8. Scutellaria 

cc. Calyx nearly or quite regular. 

D. Upper pair of the stamens the longer 9. Nepeta 

DD. Upper pair of the stamens the shorter. 

B. Stamens short, included in the tube of the 

corolla 10. Marmbium 

EB. Stamens long, projecting from the corolla-tube. 11. LeonuhiB 

1. MONARDA. Hobsb-mint. 

Rather stout, mostly perennials, with flowers in close terminal heads: 
calyx tubular, 15-nerved, hairy in the throat, the teeth nearly. equal: corolla 
strongly 2-lipped, the upper lip erect, the lower spreading and 3-lobed. 

M. fistttldsa, Linn. Two to 5 ft., in clumps: leaves ovate-lanceolate: 
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flowers in a clover-like flattish head: calyx slightly curved: corolla about 

1 in. long, purple. Ck>nimon in dry places. 

M. didyma, Linn. Oswego tea. Bee balm. Stem 4-angled and branch- 
ing: leaves petioled, shortly ovate to lanceolate, those about the terminal 
head tinged with red: not very common wild, but cultivated. 

2. Lf COPUS. Water Hoarhound. 

Low perennials, with stolons or suckers, much like the mints (Mentha) 
and growing in similar moist or shady places: not aromatic: flowers small, 
white clustered in leaf axils: calyx bell-shaped, 4- to 5-toothed: corolla 
campanulate, with 4 nearly equal lobes: fertile stamens 2, the other 2 rudi- 
mentary or wanting: flowers small, white or purplish, bracted and whorled 
in axillary clusters. 

L. yirgfnicuB, Linn. Stem 6 in. to 2 ft., obtusely 4-angled, green or 
often purplish: stoloniferous: leaves oblong or ovate-lanceolate, serrate, 
except at base, short-petioled or nearly sessile. In moist places. Sununer. 

3. SALVIA. Sage. 

Annuals or perennials, mostly with large and showy flowers; calyx and 
corolla 2-lipped: upper lip of corolla large and usually arched, entire or 
nearly so, the lower lip spreading and 3-lobed: stamens 2, short, the anther 
locules separated by a transverse bar. 

S. officials, Linn. Common sage. Erect low perennial, with gray 
pubescent foliage: leaves oblong-lanceolate, crenulate, very veiny: flowers 
blue, in spiked whorls. Europe; used for seasoning. 

S. Bpl^ndens, Sell. {S. cocdnea of gardens). Scarlet sage. Tender peren- 
nial from Brazil, but much cultivated for its bright scarlet floral leaves, 
calyx, and corolla: leaves ovate-pointed. 

4. H£D£6MA. Mock Pennyroyal. 

Low, aromatic-fragrant herbs, with small bluish flowers in loose axillary 
clusters, often forming terminal racemes or spikes: calyx tubular, 13-nerved, 
swollen on lower side, hairy in throat, 2-lipped; corolla 2-lipped, upper lip 
erect, flat, emarginate, the lower spreading and 3-cleft, 2 perfect stamens; 

2 shorter sterile stamens sometimes present. 

H. pulegioides, Pers. Small annuals of pungent fragrance and taste, 
with slender stem 6-12 in. tall, erect, branching, pubescent: leaves ovate 
to oblong, about 1 in. long, few-toothed, petiolate: whorls few-flowered, the 
corolla bluish, pubescent. In dry fields and woods. Summer. 

5. MfiNTHA. Mint. 

Low perennials: calyx with .5 similar teeth: corolla nearly or quite regu- 
lar, 4-cleft: stamens 4, equal: flowers in heads or interrupted spikes, pur- 
plish or white. 

M. piperita, Linn. Peppermint. Straggling, 1-3 ft. tall, the plant dark 
colored (stems purplish) : leaves ovate, oblong, or narrower, acute, sharply 
serrate: flowers light purple, in thick spikes 1-3 in. long. Europe. 
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U. ipictta, Linn. (Af. vtridit, Liiui.)' Spearmml. Fie. M3. Erect and 
■mooth. 1-2 ft., green: leaves lanceolate and aharply serrate -.flowerewhitiah 
or tinted, in long, iotemipted apiliea. Europe. Along rDadiiideB, and 
cultivated, 

H. canadtiwi*, Linn. Wild mint. One to 2 ft., pubescent: leaves lanoeo- 
late: flolreFB tinted, in whorls in the axils of the leaves. Low grounds. 

6. TBtIC»niM. Gksuandbb. 

Perennial herbs (or shrubs) with small, pinkish, ratlier irreEUlar Sowers, 
in terminal bracted spikes (or heads) or verticiltate in tlie upper axils of the 
stem-leaves: calyx 6-tootbed, 10-nerved; corolla 5-lobed. with 4 upper lobea 
obloDg. smnewhat equal, and turned forward, the lowest lobe large, rounded: 
Btamens 4, in 2 pairs, projecting from a deep fissure between the 2 upper 
lobes of the corolla. 

T. CMudtnae, Linn. Erect, pubescent, 1-3 ft.: leaves 
ovate-lanreolate, irreguUrty serrste. short-petioled: bracts 
under the flowers linear-lanceolate, about as lonx as calyx: 
spike Ions and slender, the few odd-looking purplish or 
pinkish Sowers in crowded verticels. Damp ground. Late 
summer. 

7. PRUnfiLLA. SsLT-BSAi. 

Low. usually unbranched perennials without arconatia 
odor: calyx about 15-nerved, 2-lipped; corolla 2-lipped, the 
upper lip arched and entire, the lower one 3-)obed: sta- 
mens 4, in pain, ascending under the upper lip. 

P. Tulglrls, Linn. Setf-haU. Three to 10 in. taU, with 
ovate or oblong, usually alightly toothed leaves: flowen 
small, violet (rarely white), in a dense, oblong. cloverJike 
head or spike. Common in grassy places; often a weed is 

5*3. 8. SCUTELLARIA. Skdllcap. 

Perennials, bitter, not aromatic : flowers solitary or in 
pairs, aiillary or in bract«d spike-like racemes; calyx bell-shaped. 2-lipped, 
the lips closed in fruit, the upper one appendaged on the back (at maturity 
the calyx splits to the bottom, the upper lip usually falling off); corolla- 
tube elongated, curved and ascending, swollen above the throat, 2-lipped, 
the upper lip arched and notched: stamens 4, ascending in pairs urtdM' 
the upper lip. the upper pair shorter. 

S. IsterifOlia, Linn. Mad-doo skullcap. Smooth, 1-2 ft. high; stem 
nearly or quite erect, much branched, slender, leafy: leaves thin, ovate- 
lanceolate, pointed, serrate, petioled; flowers blue (rarely white), small, 
i4-H in. long, in axillary, l-sided racemes (some tenninal). Wet, shaded 
places. Summer. Several related species grow in bogs and along slow 
streams, but most of them will not be likely to attract the attention of the 
beginner, although all are odd or interesting. 
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0. nflPSTA. Catmint. 

Perennials, mostly sweet-Bcented: calyx nearly equally 5-toothed; corolla 
2-lipped, the upper lip erect and somewhat concave, the lower 3-lobed: 
stamens 4, in pairs under the upper lip, the outer pair the shorter. 

N. CatAria, Linn. Common catmint or catnip. Figs. 213, 414. Erect, 
2-3 ft., pubescent: leaves cordate-ovate, crenate, grayish: corolla tinted: 
flowers in interrupted spikes. Introduced from Europe. 

N. hederftcea, Trev. (N, Olechoma, Benth.). Ground ivy, Gill-over-the' 
ground, A weed from Europe, but familiar almost everywhere: creeping, 
with rounded, crenately margined, petioled leaves: flowers bluish purple, 
small. 

10. MARRtalUM. HOBBHOXTND. 

Erect perennials, with white- woolly aspect: calyx nearly equally 6-10- 
toothed, the teeth very sharp: corolla 2-lipped, the upper lip erect and 
notched, the lower one spreading and 3-lobed: stamens 4, included in the 
coroUa-tube. There are a number of Old World species, but only the 
following seems to have run wild in this country:* 

M. vulgire, Linn. Common horehound. Leaves broad-ovate and 
crenate: flowers small, white, in dense whorls. Europe, but conmion. 

11. LEONtTRUS. MOTHEBWORT. 

Erect perennials with green aspect: calyx about equally 5-toothed, the 
teeth becoming spine-like; corolla 2-lipped, the upper lip somewhat arched 
and entire, the lower spreading and 3-lobed: stamens 4, ascending under the 
upper lip: nutlets 3-angled. 

L. Cardiaca, Linn. Common motherwort. Tall: leaves rounded and 
lobed: corolla purple, the upper lip bearded; flowers in axillary whorls. 
Introduced from Europe. Conmion. Other introduced species may now and 
then be foimd. 



XXXIV. VERBENACE^. Vervain Family. 

Herbe, shrubs or trees: leaves opposite or whorled (in our spe- 
cies), exstipulate: flowers monopetalous, often irregular, in bracted 
cymes or panicles; calyx free Irom the ovary, 4-5-cleft; corolla some- 
times regular, but often more or less 2-lipped: stamens 4 (rarely 
2), in unequfkl pairs, inserted on corolla, alternate with lobes; style 
1; ovary mostly 2- to 4-celled (not lobed), with style from simmiit: 
fruit dry or drupe-like. About 1,200 species, mostly tropical. 

VERBENA. Vebvain. 

Herbs with simple, opposite, serrate or pinnately-lobed leaves: flowers 
usually sessile, bracted, in terminal spikes: corolla salver- or funnel-form, 
with border somewhat imevenly 5-cleft. 
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V. urticflBfdlia, Linn. Perennial, common coarse weed in waste ground: 
4-6 ft. tall: leaves oval, coarsely serrate, stalked: flowers minute, white, in 
slender spikes. 

V. angttstifdlia, Michx. A perennial, roughish weed, with stems 6 in. 
to 2 ft., mostly simple, leafy: leaves sessile, narrow-lanceolate, tapering to 
sessile base: flowers small, in spikes; corolla purple: fruits overlapping on 
spike. Dry fields. 

V. itrlcta. Vent. Perennial, hoary-hairy: stem 1-3 ft., very leafy: leaves 
obovate or oblong, serrate and nearly sessile: spikes thick and densely 
flowered; flowers blue-purple, rather larger than in other common Ver- 
vains, 14 i^' across, but few open at one time. Westward. 

V. hastftta, Linn. A common, rather pubescent weed of the waysides: 
stem 2-6 ft. tall, branching, with many slender spikes of the small, bracted, 
blue-purple flowers, few flowers in bloom at one time: leaves lanceolate, 
acuminate, petioled. 

V. canadensis, Brit. One of the species from which the garden Ver- 
benas have come: stems rather prostrate and creeping: flowers in a corymb 
or peduncled spike and showy, of various colors and considerable size: leaves 
on petioles, ovate in outline, but pinnately cut or 3-parted. Wild from 
Indiana west. 



XXXV. SCROPHULARlACILE. Figwort Family. 

Herbs (trees in warm countries), of various habit: flowers perfect, 
irregular, usually imperfectly 5-merous: corolla usually 2-lipped and 
personate: stamens 4 in 2 pairs, inserted on the corolla, with some- 
times a rudiment of a fifth: ovary single, 2-loculed, ripening into a 
several- or many-seeded capsule. About 160 genera and 2,000 species. 
Representative plants are figwort, snapdragon, toad-flax, foxglove, 
mullein, pentstemon, monkey-flower or musk-plant. 

A. Corolla very shallow and nearly regular 1. Verbaacum 

AA. Corolla very irregular, often personate. 

B. Flowers with long spur 2. Linaria 

BB. Flower spurless, but saccate or swollen at the base. . 3. Antirrhinum 
BBB. Flowers not spurred, saccate, or much swollen. 

c. Stamens 5, but the fifth sterile, often a scale only. 
D. Sterile filament a little scale on the upper side 

of the corolla: flowers small and dull-colored... 4. Scrophularia 
DD. Sterile filament elongated: corolla 2-lipped. 

E. Filament shorter than the others: the 2 lips 
of the corolla but slightly open: seeds 

winged 5. Chelone 

EE. Filament about the same length as the others: 

corolla lip open: seeds wingless 6. PenUtemon 
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DDD. Sterils filament, not conapicuous: cokUb alniott 
2-ptu^ed, the middle lobe of the lower lip 

keeled, iocloBiiig the 4 stameoB 7. ColUntia 

cc. StameDH plainly 4. 

D. Corolla 2-lipped: calyx S-angled: flowers not 

drooping 8. Mimtdut 

DP. Corolla Bliithtly 2-Iipped. irreEularly 5-lobed 

flowers drooping 9, DigilaHe 

DDD. Corolla with upper lip narrow and erect, much 
toueer than the lower, and keeled: auther- 
8acs are not alike: floral leaves colored like 

petaU 10. CaMOi^ 

ccc. Stamens 2 (or 2 others rudimentary or wanting). 

D. Con^a 2-lipped 11. OnOiota 

DD. Corolla rotate, lobea unequal 12. Vtrojvuxi 

1. VERBASCUM. Mitllgin. 

Tall biennials, with alternate decurrent leaves: calyx 
and corolla 5-parted, the latter shallow and neoriy or quite 
itate; stamens 5. some or all of the filaments woolly. 
V. ThipBut, Linn. Common muitein. Fig. 147. Two 
to 6 ft., stout and usually uobianched, white-woolly: leaves 
^ oblong and acute felt-like: flowers yellow in a veiy dense 
spike. Weed from Europe, 
g^ V. Blattllla, Linn. Moth muilein. Slender and branch- 

Ijmuia vulgaris '°8. ftreen and nearly smooth : leaves oblons, serrate, often 
laterally lobed, somewhat clasping: flowers yellow or 
cream-colored, in a loose raceme. Weed tioni Europe. 

2. LinARIA. ToA»-PLAi. 

Low herbs, of various habit: Corolla personate, the throat nearly or 
entirely closed, spurred from the lower side: stamens 4: capsule opening 
by apical pores, 

L. vulgftris, Mill. Toad-flax. BvUtr-and-eggs- Fitcl'. 
227, 281, 644. Common perennial weed <from Eun 
2 ft., with linear leaves and yellow flowers in race 

L. CrmbtUUla, Mill. KenUvmrih icy. Fig. 545, 
ing: leaves orbicular, 5-7-lobed: flowers solitary i 
peduncles, lilac-blue. . Europe; very common in 
graeubouses and sometimes runs wild. 

L. canadinals, Dumont. Common annual 
or biennial in dry or sandy soil : flowering stems 
slender and erect, generally simple and few- 
leaved: also prostrate shoots, more lea^: leaves 
narrow, flat, entire, sessile, opposite or whorled: 
flowers small, blue, in a terminal, loose, slender 
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3. ANTIRRHtNUM. Snapdragon. 

From Linaria differs chiefly in having no spur, but only a swelling at the 
base of the corolla. 

A. mftjus, Linn. Snapdragon. Fig. 243. Erect biennial or perennial: 
leaves oblong, smooth, entire: flowers erect or ascending, 2 in. long, purple 
or white, in a raceme with downy axis. Europe. 

4. SCROPHULARIA. Figwort. 

Herbs perennial, rank and generally ill-smelling, with opposite leaves, 
and very odd-looking small, greenish-purple flowerd, in simple or compound 
loose terminal cymes: calyx deeply 5-parted: corolla irregular, with a globu- 
lar tube, the limb 5-lobed, 4 upper lobes erect, but the lower one hori- 
zontal or reflexed: stamens 5, 4 fertile, in two pairs, the fifth sterile and a 
mere rudiment at the top of the corolla-tube. 

S. maril&ndica. Gray. Smooth, 3-6 ft., much branching, in thickets and 
damp woods, blooming in late summer and early fall; stems 4-angled: leaves 
ovate, oblong or lanceolate, coarsely toothed, 3-9 in. long, on slender petioles: 
flowers small, dull-colored. 

5. CH£L6N£. TubtXiEhead. Snakehead. 

Smooth, erect perennials, with opposite, serrate and stalked leaves: 
flowers large, sessile, white or rose-tinged, of curious shape, in the upper 
leaf axils, forming a terminal spike: cslyx 5-parted, segments acute, 
bracted at base: corolla irregular, with inflated and elongated tube con- 
cave underneath, the limb 2-lipped, but lips only slightly open, the upper 
lip broful, usually emarginate, lower lip 3-lobed, bearded within: stamens 6, 
the fifth sterile and smaller, the filaments woolly. 

C. glabra, Linn. Two to 4 ft. high, in swamps and by brooks or in 
wet places. Late sunmier. 

6. PENTST^MON. Beabd-tongue. 

Perennial herbs, with opposite leaves, the upper sessile or clasping: 
flowers showy: calyx S-parted: corolla irregular, with tube more or less 
inflated and 2-lipped, the lower lip 3-lobed: stamens 5, 4 in 2 pairs each 
bearing an anther, the fifth filament conspicuous but sterile, sometimes 
longer than the others and bearded: fruit a globose capsule with many wing- 
less seeds. 

P. hirs^tUB, Willd. (P. pvbSacens, Ait.). Stems hairy, rather viscid above, 
1-2 ft.: leaves narrow-oblong to lanceolate, minutely toothed or entire; 
panicle open: corolla about 1 in. long, 2-lipped, with a bearded palate in 
the throat, dull bluish violet or purplish. Dry situations. May to July. 

7. COLLInSIA. Innocence. Blue-eyed Mary. 

Pretty little annuals or biennials, branching and diffuse with opposite 
or verticillate leaves, and irregular flowers, blue and white, on pedicels, 
whorled or solitary in the axils of the upper leaves: corolla 2-lipped with 
the upper lip 2-cleft, the lower lip 3-cleft, with the middle lobe keeled and 
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aaecBle, incloBing the 4 stameni and the style: a fifth stamen reduced to a 
mere rudiment. 

C. TJnui, Nutt. Stem 8-10 in., branching: leaves amall, various, the lower 
ovate, the upper more lanceolate and clasping, margina crenate or Utothed : 
Bowere on long peduncles, in whorU of 4r-6: corolla H-H in., twice longer 



8. HlHtlLnS. MONKET-IT,OWBK. 

Small herbe with opposite leaves, with usually abowy solitary flowers on 
axillary peduncles: calyi 6-an^ed and £-toothed: corolla tubular, the 2- 
lobed upper lip erect or spreading: stamens 4; stigma 24obed. 

H. riDgena, IMd. Wild numkeji-fiovxr. Erect perenmal. with square 
stem and oblong or lanceolate clasping serrate leaves : Sowers blue or light 
purple, somewhat personate. Wet places. 

H. I&tena, Linni Monkey-fiov>er. Tieer-flower. 
Fig. 546. Annual, with ovate serrate leaves: flowers 
large, yellow, blotched with brjck-red or brown. 
Wcatem America, and commonly cultivated. To 
gardeners often known as M. tigruiuAda. 

9. DIGITALIS. FoxQiovB. • 

Stem simple and strict: leaves alternate: flowers 
with a long expanding tube and a very short in- 
distinctly lobed limb, the throat wholly open: 
stamens 4. 

D. pnrpikrea, Linn. Common foxoUn^- Usually 
bienmal, tall and stout (2-4 ft.): leaves oblong, 
nearly or quite entire, rough and downy: flowers many, drooping, in a 
long, erect raceme. 2 in. long, white to purple and spotted inside. Old 
carden plant from Europe. 

10. CASTILLfejA. Painted Cdp. 

Herbs, at least partially parasitic on roots of other plants: flowers ses- 
sile in leafy, often brilliantly colored, bracts: calyx tubular. 2--4-cleft; corolla 
very irregular, tubular, the tube included in the calyx, the upper lip very 
long, arched and keeled, enfolding 2 pairs of stamens; lower lip short, 
3-Iobed. Late spring and summer. Four or C species in our territoiy. 

C. cocclnea, Spreng. Annual or biennial, 8-12 in., with very striking 
inflorescence of scarlet or yellow 3-cleft bracts surrounding the flowers. 
Damp meadows or thickets, not common but conspicuous. 

11. GRATlOLA. Heqoe Htssop. 

Low, mostly perennial herbs, found in damp situations: leaves opposite: 
peduncles axillary, l-flowered each; calyi 6-parted, segments scarcely 
equal; corolla 2-lipped, upper lip emarginate or 2H:left, lower 3-lobed: 
totile stamens 2. 
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G. yirginiiiui, Linn. Steins branching, or creeping at base, more or 
less viscid, 4-6 in. tall: leaves oblong or lanceolate, few-toothed, sessile: 
flowers with yellowish corolla, H~^ in* long: sterile filaments not present. 
Wet places. All summer. . 

12. VERdNICA. Speedwell. 

Ours herbs with leaves mostly opposite or whorled. Hue or white flowers 
solitary or in racemes from the leaf -axils, or terminal; corolla wheel-shaped, 
the border irregularly 4-lobed; stamens 2, inserted on corolla-tube, with 
slender long filaments: ovary 2-celled, style slender: capsule flattened, 
notched at apex, 2-celled, few- to numerous-seeded. 

V. americftna, Schw. Perennial, weak and decumbent at base, rooting 
at nodes, finally erect: leaves opposite at base, mostly petioled, thickish. 
oblong to lance-ovate, serrate racemes axillary, opposite, 2-3 in. long: flowers 
small, pale blue, on slender pedicels: capsule swollen, many-seeded. Com- 
mon in and about brooks and swampy ground. June through summer. 

V. officinalis, Linn. Little pubescent prostrate perennial, 6 in. to 1 ft., 
in dry fields and woods: leaves wedge-oblong, or obovate, short-petioled, 
serrate: racemes spike-like, longer than leaves; flowers pale blue. July. 

V. peregiina, Linn. Annual, glabrous, erect, 4-9 in., branched: lower 
leaves thick, oval, toothed, petioled; others sessile, entire: flowers very small, 
whitish, axillary and solitaiV* capsule orbicular, slightly notched. A common 
weed: April to June. 

V. serpyllifdlia, Linn. Perennial, creeping; leaves small, rounded, 
almost entire: flowering stems smooth, simple, ascending 2-6 in.; flowers 
very small, in terminal racemes; corolla pale blue or whitish with purple 
stripes, exceeding calyx. Common in lawns and grassy fields. May, through 
summer. 



XXX VI. SOLANACE^. Nightshade Family. 

Herbs or shrubs, with alternate often compound leaves: flowers 
perfect and re*gular, 5-merous, mostly rotate or open-bell-shaped 
in form and plaited in the bud; stamens 5, often connivent around 
the single 2-loculed pistil, borne on the corolla: fruit a berry or ci^)- 
sule (the latter sometimes 4-loculed by a false partition), the seeds 
borne on a central colimm. Some 70 genera and 1,500 species. Com- 
mon representatives are nightshade, potato, tomato, husk tomato, 
tobacco, jimson-weed, petunia. 

A. Fruit a fleshy berry. 

B. Fruiting calyx bladdery-inflated and wholly inclosing 
the fruit; anthers not connected, opening length- 
wise 1. Physalia 

BB. Fruiting calj^x not inflated. 
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c. Stamens with anthers equaling or exceeding the 
filaments. 
D. Anthers separate or barely connected, opening 

at the top 2. Solanum 

DD. Anthers imited, opening lengthwise 3. Lycopersicum 

cc. Stamens with anthers much shorter than filaments.4. Capsicum 
Fruit a capsule. 

B. Calyx 5-parted to near base 5. Petunia 

BB. Calyx toothed, not deep-parted. 

c. Pod usually prickly, large 6. Datura 

cc. Pods not prickly, small 7. Nicotiana 

1. PHf SALIS. Ground Cherry. 

Herbs, flowering through the summer: flowers solitary, nodding on 
axillary peduncles: leaves alternate or often somewhat paired, margins 
entire or sinuate: calyx enlarging after flowering, and finally inclosing the 
pulpy berry as a much-inflated papery sac; corolla yellowish or white, often 
with dark center, wheel-shaped, with short tube, the border obscurely 
5-lobed, plaited in bud. 

P. virginiinA, Mill. Perennial by rootstocks, viscid: fruiting calyx 
P3rramidal, closed, more or less 5-angled and indented at base: berry reddish 
yellow, edible, not filling the loosely inflated calyx: corolla yellow, nearly 
an inch in diameter, with brown center, and edge 5- to 10-angled: anthers 
yellow. Open places, in rich soil. Summer. 

P. pub^scens, Linn. Low annual, more or less pubescent and clammy: 
stem generally diffuse in branching, 9-18 in. tall, often somewhat swollen at 
nodes: corolla small, about }^ in. across, yellow or greenish, with a dark, 
spotted center; anthers purple: the green or yellow berry does not fill the 
closed, 5-angled calj^. In low or damp^ places. 

2. SOLANUM. Niqhtshade. 

Perennials or annuals: calyx and corolla 5-parted, the latter rotate; 
stamens 5, exserted, the anthers separate and opening by a pore in the top: 
berry 2-loculed. 

a. Plants not prickly. 

S. tuberdsum, Linn. Potato. Figs. 24, 45, 242. Low, diffuse-growing 
perennial, producing stem-tubers on slender underground rootstocks: leaves 
pinnate, the leaflets differing in size and ovate: flowers bluish: berries globu- 
lar, yellowish green. Warm temperate elevations of tropical America. The 
"Irish," "white" or "round" potato. 

S. nigrum, Linn. Common nightshade. Branchy annual, 1-2 ft., nearly 
smooth: leaves ovate, wavy-margined: flowers small, white: berries small, 
black. Waste places. 

S. DulcamAra, Linn. Bittersweet. Fig. 424. Tall, loosely climbing: leaves 
oordate-ovate, sometimes 3-lobed, often with 2 or 4 small leaflets at the base: 
flowers small, violet-purple: berries oval, red. Perennial. Common. 




410 THE KINDS OF PI-ANTS 

aa. PlatUi prickly. 
S. HelAngena, Linn. EggplttU. Quinta squath. Fig. 288. Stout »"»"»' 
with laree, ovate, somewhat aDgted pubescent leaves: flower large, purplisb, 
the calyi prickly: fruit a very large purple or white berry (often weighing 
several pounds). ludia. 

3. LTCOPfiSSICOH. Toiuro. 

Diifera from Solanum chiefly in having the anthers 
united at their tips by a membrane and opening by 
J lengthwise elite. 

L. esculCntum, Mill. C<>mmon lomaSo pUnd. TaU, 

hairy, BtronB-emelling herb, with pinnate leaves, the 

leaflets ovate and unequai-eided and of different siiee: 

Sowers small, yellow, in short forked racemes : fruit a 

large red or yellow berry. South America, 

4. CAPSICUH. Red Pepper. 

Erect, branchy, smooth herbe: stamens with slender filaments which 
are much longer than the eeparata anthers, the 
latter opening by lengthwise slits: fruit globular, 
long or irregular. Srm. 

C. innnum, Linn. Common red vepjier. Fig. 
647. Annual or biennial, with ovate entire leaves: 
flowers white, with very short-toothed or trun- 
cate calyi: fniit very various in the cultivated 
varieties. Tropical America. 

5. PBTtmiA. Fetvnia. 

&4S, Fatunia Dyote^uuflaiL 
Clammy-hairy diffuse herbs: calyx-lobes leaf- 
tike and much longer than the tube; corolla funnelform, showy, the stamens 
not projecting; fruit 2-loculed, capsular. South America. 

P.n;ctagin]flAr«,Juag. WhUepetania. Fig. 548. Corolla white, verylong- 
tubed: leaves oval-oblong, narrowed into a petiole. 
P. vioUce*. Lindl. Fig. 549. Weaker and more 
diffuse: corolla purple or rose, the tube short and broad: 
leaves ovate or oval, nearly or Quite sessile. The gar- 
den petunias are mostly hyttrids of the S species. 

6. DATtrSA. Jamebtown-wbed or JiusoN-wEEn. 

Very strong bushy herbs, with large, long-tubular, 
short-lived flowers from the forks of the branches: 
stigma 2-pBrted; fruit a globular usually prickly cap- 
sule, opening by 4 valves. 

D. StramSnium, Linn. Fig. 275. Annual, 3-fi ft.; 
g^g p , the stem green: leaves ovate, sinuate or angled: corolla 

Very near the oriiinal ""l^t^. Tropics; common weed. 

P. vioUoe*. D- Titula, Linn. Stem and corolla purple. 
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7. mCOTlABA. Tobacco. 

T»ll herba, with larBe usually pubesceot leaves: 
■OTcUa funnelform ot BKlverfonn, the tube unially long: 
Btixma not lobed: pod 2-4-VBJved, not very large, 
contamed within the persutent oalyi. 

n. TabtcDm, Linn, Tobacco. Robust anaual, 4-6 
ft., with very large ovate decunent entire leaves and 
rose-purple panicled flowers. Tropical America. 

S. aUta, Link & Otto (N. affinis of gardens). Fig. 
660. Slender but tall (2-4 ft.) plant with clammy- 
pubeacent herbage; leaves lanceolate , or obovate, 
entire; flowers white, with very slender tube 6-6 
in. long, the limb unequal. BratU; nonunon " ggn [j- ,j^ aUi*. 

XXXVII. CONVOLVULXCBLE. Convoltultis Family. 

Herbs, mostly twining, with alternate chiefly simple leaves: flow- 
ere regular, 5-merouB, the tubular or trumpet-shaped corolla mostly 
twisted in the bud, the stamens 5 and borne on the ootolla; ovary 
commonly 1-, mostly 2-locu!ed, with 2 ovules in each locule. becom- 
ing a globular capsule in fruit (which is sometimes 4-loculed by the 
insertion of a false partition). The family contains between 30 and 
40 genera, and nearly 1,000 species. Ck>mmon convolvulaceoua plants 
are momii^-glory, cypress vine, sweet potato, bindweed, dodder. 
A. FlBDta with normal foliage. 

B. Stigma 2-3-lobed, knobbed: calyx not bracted 1. Ipomaa 

BB. Stigmas 2, thread-form: calyx sometimes inclosed by 2 

leafy bracts 2. Convdndua 

AA. Plants leafless, parasitic 3. Ciucuta 

I. IP0M<EA. Mornino-olobt. 

Mostly twining, with showy flowers on axillary peduncles: 
corolla with a long tube and a Baring limb ; piatO I , with one 
Style, and the stigma 2-3-lobed: fruits capsule, with l-seeded 
locules. 

a. Lieanea compmind, viiih thread-like daiaiont. 
I. Qntmoclit, lann. Cj/preat vijie. Fig. G51. Leaves pin- 
nate: flowers solitary, red, small, narrow-limbed, with pro- 
jeoting style and stamens. Tropical America, but ruD wild 
South; also cultivated. Aimual. 

Ba. Leojien eimple or deeply lobtd, broad. 
GSl. Ipomcaa '' BfinB-HAx, Linn. While tnamftovm: Fig. 552. Tall: 

leaves heart-shaped, or angled or lobed: flowers 1 to few, 
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white, opening once at night, with a slender tube and a large limb 4-6 in. 
acroai. Tropical America. PerenniBl. 

I. porp&ras. Roth. Mommo-oloiv- Fis. 240. Leaves 
^ broadly cordate-ovate, entire: flowers 2-4. large and fun- 
p nel-ehaped, 2-3 in. long, purple to stfeaked and white. 
Tropical America. Annual. 

I. hedeitcea, Jacq. Leaves heait-ehaped, 3-S-lobed: 
flowers 1-3, rather amaller than those of /. purpuTea. 
Tropical America. Annual. 

I. BatHtaa, Poir. Sweet potato. Fig. 204. Creeping: 
leaves heaxt-ehaped to triangular, usually [obed: Soweta 
5S2. IpoDKn (seldom seen) 3 or 4, light purple, funnel-form, 1 J^ in. long, 
BooH-Noi. Tropics; grown for its Urge edible root-tubera. 

2. C0ITV6LVUL0S. Bindweed. 

Herbs (or shmbs) twining or erect: flowers large, on axillary peduncles; 
sepals 5; corolla fimnelform or bell-form, limb entire, 5-angled or 5-lobed; 
stamens inserted on corolla-tube, included ; style 1 ; stigmas 2, long ; ovary 
aud pod 2-celled, 4-seeded. 

C. sipinm, Linn. Rutland heaiUv. Perennial: twining or trailing stem: 
leaves heart-shaped or arrow-shaped, auricles often toothed: flowers axil- 
lary and solitary on a peduncle; calyx with 2 large bracta at base, inclosing 
it: corolla morning-glory-like, white or pink, M-2 in. long, margin quite 
entire. Wild in low grounds. Summer. 

C. arvfntis, Linn, Bindweed. Perennial, nearly glabrous, prostrate or 
climbing: leaves entire arrow-shaped, with basal ears aeute-lobed, but vari- 
able: calyx not bracted at base; corolla pink, nearly white, small, 
not over 1 in, long. Europe. Bad weed. May to September. 

3. COSCDTA. Dodder. 

Parasitic twiners without foliage (leaves reduced to scales): 
flowers in clusters, the calyx and corolla with 4-5 lobes: fruit 
loculed, 4-Beeded. 

C. GronBvii, Willd. (Fig. 553). is the commonest 
twining its slender coral-yellow Bt«nis over coarse 
herbs in swales: corolla bell-shaped, the tube longer 
than the blunt and spreading lobes. 



XXXVni. BORRAGINACELE. Borage Family. 

(jenerally rough herbs, with round stems, leaves 
usually alternate and hairy, exstipulate: inflores- 
cence commonly l-sided, in coiled tenninal racemes, 
straightening as flowers open; lobes of calyx 5: lobes 553, Cut 
of corolla 5, usually regular; stamens 5, on corolla- 
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tube; ovary deeply 4-lobed, with style in center; stigmas 1 or 2: fruit 
usually 4 separate 1-seeded nutlets at bottom of persistent calyx. 
About 1)500 species and 80 genera. 

A. Ovary entire, style terminal: fruit dry nutlets (2 or 4).l. Hdiotropium 
AA. Ovary deeply 4-parted, or 4-divided, the style rising 
from the center. 
B. Corolla and stamens regular. 

c. Fruits (nutlets) bur-like, prickly or spiny. 

D. Nutlets oblique, fixed by apex, or laterally, 

to style, covered all over by hooked prickles.2. Cynoglosaum 
DD. Nutlets erect, fixed by base or side to the 
ceutral column: prickles in 1 or more rows 

on the surface 3. Lappula; 

cc. Fruits (nutlets) not armed with prickles. 

D. Nutlets attached laterally to the receptacle: 

flowers rather large 4. Mertensia 

DD. Nutlets attached by bases to receptacle. 

E. Flowers not bracted, in racemes 5. Myosotia 

BE. Flowers bracted, in racemes 6. Lithoapermum 

BB. Corolla irregular: stamens unequal 7. Echium 

1. HELIGTROPIUM. Heliotbope. 

Perennial or annual herbs (or shrubs) with white or purplish, small 
flowers in 1-sided spikes: flowers alternate, usually entire; stamens short, 
anthers nearly sessile; style short, with conical stigma; ovary 4-celled: 
fruit, 4 nutlets or two 2-celled nutlets. 

H. peruviinum, Linn. Common garden heliotrope. Pubescent or rough, 
often rather shrubby: leaves lance-ovate to oblong, short-petioled, veiny 
and wrinkled: flowers very fragrant, white to lilac. 

2. CTNGGLdSSUM. Hound's Tongue. Stick-^qht. 

Tall, coarse, usually rough and unpleasantly scented hairy weeds, with 
large entire alternate leaves: flowers small, inconspicuous, in racemes or 
forked cymes, some bracted; corolla short, nearly wheel form, with 5 con- 
verging, blunt scales closing the throat; ovary deeply 4-parted, with style 
from center: fruit of bur-like nutlets, covered with hooked prickles. 

C. officinUe, Linn. A coarse, pubescent, troublesome dock-like weed 
from Europe, dull green, smelling like mice, grows to 1 or 2 ft., leafy to 
the top: leaves softly pubescent, lance-oblong, mostly sessile: corolla dull 
reddish piurple, not H in. across: nutlets margined. Biennial. 

C. yirginiAiiuin, Linn. Stem stout, 2-3 ft. tall, bristly hairy, leafless 
above: leaves oblong oval with clasping bases: flowers pale blue, bractless, 
on short pedicels in terminal short spikes: nutlets not margined. Perennial. 

3. LAPPULA (Echinosp^rmum). Stick-seed. Bur-seed. 

Annual or biennial weeds in dry soils, grayish with hairs: leaves alter- 
nate, narrow, entire: flowers small, blue or white, in terminal, leafy-bracted 
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racemes: corolla with 5 scales in throat: nutlets erect, bearing 1-3 rows of 
stout prickles, and fixed by side to the central column. 

L. yirfi^mAna, Lehm. A troublesome biennial or annual weed of thickets 
and open woods, 2-4 ft., slender and branching: leaves thin, oblong-ovate, 
tapering at both ends: flowers small, whitish or bluish, on pedicels, in 
racemes 1-3. in. long, reflexing in fruit: nutlets small, globose, covered 
with barbed prickles. 

4. M£RT£NSIA. Lungwobt. 

Perennial, usually glabrous herbs, with leaves entire, pale green and 
often dotted, the radical ones many- veined and the stem-leaves sessile: 
flowers in terminal racemes; calyx short, 5-cleft; corolla funnelform or 
trumpet-shape, often with 5 small folds in throat, and stamens inserted 
between; style long and slender: nutlets erect, smooth, finely wrinkled. 

M. yirgfmcA, DC. Leaves entire, obovate, sessile on stem: flowers large, 
trumpet-shaped, 1 in. long, spreading or hanging on slender pedicels, light 
blue or pinkish; corolla-throat not crested, limb entire. Perennial. Rich 
soil. May, June. 

6. MT0S6TIS. Forqbt-mb-not. 

Low, usually villous herbs, with stems erect or reclining, branching: 
leaves small, alternate, entire: flowers small in bractless racemes; corolla 
salver-form, 5-lobed, lobes spreading, rounded with appendages at base: 
nutlets smooth or hard, fixed by base. Several species. 

M. scorpioldes, Linn. (M. paltLstria, With.). True forget-me-not, A 
favorite garden perennial introduced from Europe, but also escaped to field 
and moist spots: racemes 1-sided: leaves lance-oblong, obtuse: calyx open in 
fruit, the lobes shorter than the tube: corolla light-blue, with yellow center. 

M. l&xa, Lehm. Flowers smaller, paler, on long pedicels: caljrx-lobes 
long: habit lax. Swamps. 

M. arv^nsis, Hoffm. Hairy: leaves lance-oblong, acute: calyx closing in 
fruit and beset with minutely hooked bristles. Fields, native. 

6. LITHOSP^RMUM. Gromwell. Puccoon. 

Hairy herbs with roots usually red: leaves alternate, entire: flowers in 
leafy-bracted racemes or spikes; calyx-segments 5, narrow; corolla funnel- 
or salver-form, 5-iobed, sometimes crested in throat; stamens 5, with short 
filaments, included on corolla-throat; stigma 2-lobed: nutlets 4, smooth 
or wrinkled, usually stony. 

L. arv^nse, Linn. Rough weed from Europe, 8-12 in. : leaves small, lan- 
ceolate to linear: flowers insignificant: corolla white, hardly as long as calyx, 
without appendages in throat: nutlets roughly wrinkled, dull gray. 

L. Gm61inii, Hitchc. (L. hirtum, Lehm.). A rough, native perennial, with 
simple stem, 8 in. to 2 ft., on dry, sterile ground: leaves lanceolate or linear, 
hairy: flowers densely crowded in short terminal leafy racemes: corolla bright 
orange-yellow, showy, longer than calyx, with little appendages in throat, 
and woolly. June. 
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L. can^scens, Lehm. Pttccoon. Not so rough as preceding, but hoary, 
6-18 in. high: flowers yellow axillary smaller and corolla-throat appendaged, 
but not bearded. Grows in open woodlands and fields, Canada to Alabama 
and West. 

7. £CHIUM. Vipbb's Buoloss. 

Stout and coarse herbs: leaves alternate, entire: flowers rather large, 
usually blue or purplish, in spicate or panicled racemes; caljrx-segments 5, 
narrow; corolla irregular, with 5 unequal lobes, short-tubed, and throat not 
bearded; stamens 5, unequal, and long-exserted ; stigmas 2 or 2-lobed: 
nutlets 4, erect, rough- wrinkled. 

E. vulg&re, Linn. Stems 1-3 ft: erect, leafy, very bristly hairy: leaves 
lanceolate, sessile on stem, 4-8 in. long: flowers bright purplish, chang- 
ing to bright blue in 1-sided spikes. Biennial; early summer. Naturalized 
from Europe, and becoming a showy but troublesome weed in places. 



XXXIX. HYDROPHYLLACEiE. Watbrleaf Family. 

Mostly hirsute or scabrous herbs, with good-sized mostly alter- 
nate, simple or compound leaves: flowers regular, 5-parted, in 1-sided 
cymes, spikes or racemes; ovary superior, 1-celled, with 2 parietal 
placentae, or apparently 2-celled; styles 2 or 2-cleft: capsule usually 
loculicidally 2-valved. Nearly 200 species, but only 1 genus frequent 
in northeastern states. 

HYDROPHtLLUM. Watbrleaf. 

Perennial, usually found in rich, low woods: leaves large, petioled: 
cymes more or less coiled: calyx often with small appendages at the notches 
of the lobes; corolla bell-shape, 5-cleft, usually convoluted in bud and bear- 
ing 5 folds or scales inside the tube; style and stamens (with hairy filaments) 
projecting. In shady places, these interesting plants make heavy masses 
of foliage. 

H. macroph^llum, Nutt. A hoary-hairy plant, about 1 ft. tall, branching: 
leaves pinnately cut: flower-cluster on ipng stout peduncle: corolla white 
or bluish, about 1 in. across: sepals not appendaged at base: stamens longer 
than corolla. 

H. appendiculitum, Michx. Hairy, 1-1 H ft. tall: leaves large, mostly 
5-lobed or angled, some of the lower ones pinnately parted: flower clusters 
loose; corolla blue; sepals appendaged at bases, bristly hairy; stamens not 
much if any longer than corolla. 

H. canaddnse, Linn. About 1 ft. high, smoothish: leaves all rounded, 
with 5-9 shallow lobes, and heart-shaped bases, or with small leaflets on the 
petioles: corolla white or purplish. H. mrginicum, Linn., is closely allied, 
but has pinnately divided leaves. 
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XL. POLEMONlACEiE. Phlox Family. 

Herbs, mostly annuals or perennials: flowers regular, in terminal 
clusters, 5-parted, with corolla monopetalous; stamens on corolla- 
tube, alternate with lobes; ovary 3-celled; style simple and 3-lobed: 
capsule 3-celled, with 3, mostly loculicidal, valves. About 200 species 
in several genera. Phlox is the leading genus. 

A. Leaves entire, mostly opposite: stamens unequally in- 
serted on tube of the corolla 1. Phlox 

ail. Leaves pinnately compound, alternate: stamens equally 

inserted on the corolla-tube 2. PoUmoniufn 

1. PHLdX. Fig. 241. 

Erect or diffuse herbs, stems l^fy: leaves without stipules, entire, 
mostly sessile, opposite, or alternate above: flowers of different colors, in 
terminal clusters; corolla salver-form, tube long; stamens 5, unequal, 
included in tube. P. Drummondii is annual; the others perennial. 

P. paniculftta, Linn. Stems 2-4 ft. high, usually stout and in clumps: 
leaves ovate-lanceolate, or oblong: flowers on short pedicels in many-flow- 
ered panicled cymes, terminal, white to various pinks and reds; calyz-teeth 
sharp-pointed ; lobes of corolla rounded and entire. 

P. maculita, Linn. One to 2 ft. high: stem spotted with purple: lower 
leaves the heavier, lanceolate-linear; upper taper-pointed with a heart- 
shaped sessile base: panicle elongated, pyramidal, of many pink-ptu*ple 
flowers; calyx-teeth less pointed than in preceding: corolla-lobes entire. 
All summer. This and the preceding species are the originals of the common 
perennial phloxes of gardens. 

P. divaricftta, Linn. Ascending or diffuse to 1 ft., or more, terminating 
in loose corymb, rather sticky-pubescent: leaves ovate-oblong or broad-lan- 
ceolate, rounded at base, acute at tip, sessile, pubescent: corolla large, gray- 
ish blue or lilac, the lobes notched; calyx-teeth slender and longer than 
tube. Moist woods. Spring. 

P. subulita, Linn. Ground or moss pink. Stems creeping, tufted, much 
branched and leafy, forming a moss-like carpet over the ground: leaves 
about }4 in. long, rigid, linear to awl-shaped, spreading in clusters: flowers 
3-6 in depressed clusters, white to pinkish-purple; lobes of corolla shorter 
than tube. Spring. 

P. Dr6mm6ndii, Hook. From Texas, now the common annual phlox in 
gardens: stems branching, spreading, about 1 ft. high, rather downy-clammy: 
flowers showy, in corymbs; various colors and patterns on the corolla and 
lobes variously notched. 

2. polemOnium. 

Perennial herbs, with alternate pinnately compound leaves: calyx com- 
panulate, segments erect over fruit; corolla bell-form or rotate; stamens 
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slender, declined, hairy at base, inserted on corolla base. The following 
native perennials are often cultivated. 

P. r^ptans, Linn. Greek valerian. Stems rather weak, diffusely branch- 
ing (not creeping), 6 in. to l}4 ft.: leaves smooth, of 7-13 leaflets, occa-. 
sionally a simple one: leaflets lance-ovate or oblong, about 1 in. long, with 
entire margins: flowers nodding, light blue corolla 3 times as long as 
calyx, not over ^ in. broad. 

P. Van Brfintis, Brit. Jacob's ladder. Tall, erect to 1-3 ft., smooth or 
hairy: leaflets 9-17, lanceolate, crowded: flowers bright blue, in erect 
long panicles; stamens and style longer than corolla-lobes; corolla 1 in. 
broad. 

XLI. GENTIANXCEiE. Gentian Family. 

Generally smooth herbs, with bitter, colorless juice (tonic proper- 
ties): entire leaves mostly opposite, sessile and without stipules: 
flowers regular, solitary or in clusters; calyx persistent; corolla mono- 
petalous, with 4-8-lobed margin, and with 4-8 stamens, inserted 
on tube: capsule 2-valved, many-seeded. Some 6(X) species, many 
very showy. 

GENTIANA.. Gentian. 

Herbs in low woods and damp grounds, flowering mostly in autumn: 
flowers solitary or in clusters and showy, usually blue; corolla tubular, 
lobes 4-7, open or closed, some having a membranous fold in each of the 
notches of the limb; stamens 4-7: style short or wanting. 

G. crinlta, Froel. Fringed gentian. Annual, in moist soil, blooming in 
September and October: distinguished by the beautiful flowers, solitary and 
terminal on erect stems (stems about 1 ft. tail), pure blue, 1^-2 in. long, 
funnelform, with 4 spreading lobes, having the margins cut into a fringe 
all around: leaves clear green, lanceolate, acute, sessile. 

G. pr6cera, Holm. Similar to the preceding, but smaller and corolla 
less fringed: leaves linear. 

G. Andr6wsii, Griseb. Closed gentian. Perennial: stems simple, smooth, 
to about 1)^-2 ft.: leaves ovate to lanceolate, with narrow base: flowers 
in terminal, sessile clusters: corolla blue with notched folds or appendages 
on the margin, never opening. 



XLII. ASCLEPIADXCE^. Milkweed Family. 

Perennial herbs or shrubs, often vines, with milky juice: leaves 
opposite or sometimes whorled, exstipulate: flowers generally in umbels, 
regular and 5-parted, but very peculiar in the structure and connection 
of stamens, stigma and pollen: hood-like appendages are borne be- 
hind the anthers, forming a corona about the stigma; stamens 5 with 

AA 
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very short filaments, and mostly monadelphous; the anthers press 
against the fleshy 5-angled stigma, and the pollen coheres in waxy or 
granular masses, 1 or 2 to each anther-sac: fruit of 1 or 2 follicles: 
seeds bearing long silk (Fig. 303). About 2,000 species and 200 genera. 

ASCL^PIAS. MiLKWKBD. SiLKWEED. 

Erect perennial herbs, with mostly opposite, thick simple leaves and 
flowers in simple umbels: calyx and corolla each with 5 lobes, bent down- 
ward, leaving the crown of 5 hood-like appendages, each bearing a horn, 
conspicuously surrounding the stamens; filaments generally united, and 
the anthers adherent to the fleshy stigma; anther 2-celled and each cell con- 
taining a firm, waxy, elongated mass of pollen; adjacent pairs of the pollen- 
masses are connected and suspended from one of 5 glands resembling a pair 
of saddle-bags. The flower is peculiarly adapted to insect-pollination, the 
pollen-masses being carried on the feet of insects. 

A. tuberdSA, Linn. Butterfly weed. Pleurisy root. About 2 ft., with most 
conspicuous erect clusters of brilliant orange flowers: leaves irregularly scat- 
tered on stems, or alternate, linear or lance-oblong, hairy, sessile: pods 
nearly erect, finely pubescent. Dry fields and hillsides. Summer. 

A. incamita, Linn. Swamp milkweed. Fig. 271. A handsome milk- 
weed of wet grounds: stems leafy, 2-5 ft.: leaves lanceolate or lance-oblong, 
acuminate, rather smooth, opposite: flowers rose-colored to white, sweet- 
scented, in somewhat paniculate umbels: follicles erect, smooth. 

A. 83rr!aca, Linn. (A. ComiUij Decne.). Common milkweed. Fig. 303. 
Stems 3-4 ft. high, stout, very milky, usually simple, leafy: leaves large, 
oblong, downy beneath, stiff, 4-8 in. long, opposite, short-petioled: flowers 
1^ in. long, greenish-lavender to lavender, with strong, sweet, but unpleasant 
odor: pods rough or warty. 

A. purpur&scens, Linn. Purple milkweed. Stems erect, 1-3 ft., leafy, 
simple or branching: leaves oblong or ovate-oblong to elliptical, pointed, 
short-petioled, 3-6 in. long: flowers large (^ in.), dull purple: pods smooth. 

A. variegita, Linn. Stems simple, smooth, leafy: leaves oval to lance- 
oval, opposite or whorled, petioled, pale beneath, umbels on downy pedun- 
cles: corolla white, hoods roundish, sometimes purplish. Dry woods. 

A. quadrifdlia, Jacq. Stem 1-2 ft., nearly smooth; and leafy below: 
1 or 2 whorls of 4-ovate, taper-pointed, petioled leaves near middle and 
above or below a pair of smaller ones: umbels few, loose-flowered; flowers 
small, crown white; corolla white, tinged with pink. Slender. 



XLIII. APOCYNACEiE. Dogbane Family. 

Herbs and woody plants, some of the commoner ones resembling 
milkweeds, in having milky, acrid juice, and seeds crested with silky 
hairs, but filaments distinct, pollen granular, and corolla twisted 
(rather than volvate) in the bud: hairs: leaves chiefly opposite, entire, 
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simple, without stipules: flowers regular and monopetalous, solitary 
or in cymes, 5-parted; ovary of 2 free carpels; stigmas united. About 
1,000 species and 120 genera. 

A. Herbs erect: flowers in terminal cymes or corymbs 1. Apocynum 

AA. Half shrubby, trailing or erect plants: flowers solitary in 

axils 2. Vinca 

AAA. Cultivated house and garden shrubs: erect: leaves oppo- 
site, or whorled in 3's 3. Nerium 

1. APdCTNUM. DoGBANic. 

Upright branching herbs, with reddish, fibrous bark: flowers small, 
white or pink, in terminal corymbs: leaves opposite, entire, acuminate: 
corolla bell-shaped, 5-lobed, with 5 small, triangular scale-appendages 
within the tube, each alternating with one of the 5 stamens attached at 
base of tube; ovaries 2, distinct; stigma 2-lobed: pods long, slender and 
full of seeds which are tufted with silky hairs at one end. 

A. androssmifdlium, Linn. Smooth plants, 2-4 or 5 ft. tall, with 
branches widely spreading; stems usually purplish: leaves 2-4 in. long, 
ovate-acute, short-petioled: corolla small, ^ in. long, bell-form, with lobes 
spreading or recurving, the tube exceeding the calyx. A very common 
weed along hedge-rows, in light woodlands and clearings. 

A. cannablnum, Linn. Indian hemp. More erect: leaves oblong or 
oblong-ovate: flowers erect, with the cordlla-lobes scarcely spreading, the 
tube about the length of the calyx. Banks and shores. 

2. VINCA. Periwinkle. 

Herbs, creeping or erect, and more or less woody: leaves mostly ever- 
green and opposite: flowers solitary, axillary, 6-parted; style 1; follicles 2, 
erect, slender. 

V. minor, Linn. Periwinkle. Myrtle (improperly). A familiar trailing 
plant of the garden, lawns and cemeteries, growing in shady places, and 
spreading by creeping stems: leaves evergreen, oblong-ovate, shiny: flowers 
solitary in axils, blue (rarely white), the corolla salver-form, about 1 in. 
across. Spring and early summer. 

V. rdsea, Linn. Erect, often 20-30 in. high, rather woody at base: 
leaves ovate, obtuse, on long petioles: flowers large, on slender axillary 
pedicels, white, white with rose eye, or plain rose-color; blooming all season 
when grown in the house or conservatory, or all summer in the garden. 
Tropics. 

3. NfiRIUM. Oli^andeb. 

Shrubs from warm climates, much cultivated in windows and green- 
houses: leaves lanceolate, leathery and stiff: flowers in terminal cymes, 
white or pink, single or double; corolla large, 1-2 in., salver-form, the 
throat bearing 5 fringed or toothed scales; ovary of 2 carpels; stamens 5, 
the anthers tipped with awn-like bristles. 
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N. Ole&nder, Linn. Common oleander. Leaves lanceolate: flowers larse* 
rose-color or white, not fragrant, with crown segments not fringed. 

N. oddrum, Soland. Sweet oleander. Flower fragrant, and bearing 
crown segments which are more fringed, and long anther appendages. 



XLIV. OLEACEJS. Oltvb Family. 

Trees or shrubs: leaves simple or pinnately compound, opposite: 
flowers various, but regular; calyx free from ovary, usually small and 
4-lobed, or none; corolla regular, 4-parted, or of 4 distinct petals, or 
none; stamens 2, with separate filaments inserted on petals, or hypogy- 
nous: ovary 2-celled; style 1, if any. 

A. Shrubs or very small trees: leaves simple: flowers perfect. 

B. Flowers yellow 1. Forsythia 

BB. Flowers white or lilac. 

c. Fruit a dry pod, loculicidal 2. Syringa 

cc. Fruit berry-like. 

D. Flowers practically polypetalous; petals long, 

narrow; flowers drooping 3. ChionanOivs 

DD. Flowers gamopetalous; corolla-tube funnel- 
form, 4-lobed; flowers erect 4. Ligustrutn 

AA. Large forest trees: leaves pinnately compound: flowers 

imperfect, mostly dicecious: fruit a samara 5. Fraxinua 

1. FORStTHIA. 

Ornamental shrubs from the Orient, with opposite simple or trifoliolate 
leaves: flowers perfect, the deciduous calyx and the bell-shaped corolla in 4 
parts; stamens 2 on base of corolla; style short: pod 2-celled, many-seeded. 

F. viridfssima, Lindl. Strong hardy shrub, with green branches covered 
with showy yellow flowers, separate on pedicels in eiarly spring before 
leaves appear: leaves simple, lance-oblong: corolla-lobes narrow-oblong and 
spreading; style twice as long as stamens. 

F. susp^nsA, Vahl. Branches slender and drooping: coroUa-lobes larger 
and more spreading and style shorter than in preceding: leaves simple, 
broadly-ovate, also frequently trifoliolate on same bush. 

2. STRINGA. Lilac. 

Common ornamental shrubs, usually tall, with leaves simple, entire, 
opposite: many small fragrant flowers in close terminal panicles or thyrses; 
caljrx 4-toothed; corolla salver-form, tube long; limb 4-lobed; stamens 2, on 
8\immit of corolla-tube: fruit a 4-6eeded flattened pod, 2-valved; seeds flat- 
tened, somewhat winged or margined. No native species. The name Syringa 
is sometimes popularly applied to Philadelphus. 

S* ytUgftris, Linn. Common lilac. Fig. 72. Well-known bushy shrub from 
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eastern Europe: flowers purple, lilac to white, in dense upright thyrses, very 
fragrant: leaves heart-shaped, entire, smooth. 

S. p^rsica, Linn. Persian lilac. Less bushy, and more slender than 
the common lilac: leaves lance-ovate, the bases tapering: and pale lilac 
or white flowers in loose clusters appearing later. 

3. CHIONANTHUS. Fringe^tbxe. 

Shrub or small tree with opposite, simple, entire, petioled leaves: flowers 
in large loose axillary rather drooping panicles; calyx small, persistent; 
corolla white, with 4 long, narrow petals, scarcely united at base; stamens 
2-4, but scarcely adherent to corolla base: drupe usually 1-fieeded. A hand- 
some bush. 

C. virglnica, Linn. Native to moist southern woods, but cultivated 
for ornament: leaves oval to oblong, 3-5 in. long: panicles with some leafy 
bracts; flowers conspicuous, in spring, appearing with leaves; petals 1 in. 
long. 

4. LIGtrSTRUM. Pbhtbt. Prih. 

Stiff shrubs or very small trees: leaves simple, entire, firm and thickish, 
■ short-petioled, opposite: flowers small, white, in terminal thyrses or pan- 
icles: calyx small, minutely toothed or truncate; corolla funnelform, 4-lobed, 
spreading; stamens 2, inserted on corolla-tube; ovary 2-celled: fruit a 
1-4-seeded, black berry. 

L. vulgllre, Linn. Leaves thick, elliptic-lanceolate, abundant, persistent, 
but deciduous: flowers }4 iii* wide and white; calyx smooth: berries black. 
Eastern Europe. Used mostly for hedges. 

6. FRAXINUS. Ash. Figs. 92, 141. 

Deciduous tree, some of them valuable for timber: leaves odd-pinnate, 
petiolate: flowers small, insignificant, dioecious (polygamous in some species), 
racemed or panicled — the American species apetalous, appearing before or 
with the leaves; calyx 4-toothed, small, seldom wanting; stigma 2-cleft: 
fruit a flat 1- (or 2-) celled key, winged. Several species are native in 
North America. 

F. americftna, Linn. White ash. Forest tree, 40-80 ft., with rough, 
blackish bark, and gray, smooth branches: leaflets 5-9, ovate or lance-oblong 
and acuminate, entire or sparingly serrate, pale or downy beneath, smooth 
above, the lateral leaflets stalked: flowers mostly dioecious, apetalous; calyx 
present in fertile flowers, and persistent: fruit with lanceolate wing at apex, 
base nearly cylindrical, the key l>^-2 in. long. 

F. pennsylv&nica. Marsh. Red ash, A smaller tree than the white ash: 
young shoots and leaf petioles and lower leaf surfaces velvety-pubescent: 
calyx persistent on fertile flowers: fruit narrow, flattened at base, the edges 
dilated into the oblanceolate wing. 

F. excelsior, Linn. European ash, often planted: leaflets 9-13, ovate- 
lanceolate or oblong, aaute, serrate: fruit oblong, often notched at end. 



422 THE KINDS OF PLANTS 

XLV. PRIMULACE^. Pbimbosb FamHiY. 

Low hedbs with leaves radical or opposite: flowere perfect, reg- 
ular, 5-parted, mon<q)etalous; stamens 5, inserted in ooroUartube, each 
opposite a lobe; style and stigma 1; ovary 1-celled, superior, with 
3 central placentsB. About 300 species in some 25 genera. 

A. Plants with all leaves basal: flowers on a scape. 

B. Corolla4obeB spreading 1. PrtmuHa 

BB. Corolla4obeB reflexed. 

c. Several flowers on the scape; stamens protruding. . .2. Dodecatheon 

cc. One flower on the scape; stamens included 3. Cyclamen 

AA. Plants with leafy stems 4. Lysinuichia 

1. PRIMULA. Pbimbose. Cowslip (of England). AxTBicxriiA. 

Low perennials herbs, with radical leaves: flowers in an involucrate 
umbel in most species, terminal on a scape; calyx 5-cleft; corolla salver- 
shaped, with 5 spreading lobes, entire or notched; stamens 5, with short 
filaments included in coroUa-tube, often of different lengths: capsules 
ovoid, opening by valves or teeth at the top. Native species rare, but a 
number of exotic primroses are much cultivated. 

P. sinensis, Sabine. Downy greenhouse plant: flowers in umbels, large 
and showy, of different colors, single or double; calyx large and inflated: 
leaves cordate, 7-9-lobed, on long petioles. China. 

P. obc6nica, Hance. Leaves ovate-cordate: scapes a foot high, bearing 
pink, purplish or whitish flowers in large clusters, the petals obconical and 
notched at the end; tube twice longer than the shallowHspreading calyx. 
The hairs on this plant are poisonous to some persons. Greenhouses. China. 

P. F6rbe8i, Franch. Baby primrose. Scapes many and veiy slender, 
6-12 in., loosely hairy, bearing small lilac or rose flowers in successive 
whorls on slender pedicels: leaves small and crowded at the crown, oblong, 
somewhat sinuate-toothed. Greenhouses. China. 

P. Poly&ntha, Hort. Polyanthus. Hardy primulas, grown in borders for 
the early spring bloom, of hybrid origin: leaves upright, oblong, tapering into 
a winged petiole, shallowly toothed, rugose beneath: flowers not much over- 
topping the leaves, tubular, with spreading limb, in shades of yellow and red. 

2. DODECATHEON. 

Smooth perennial herbs: leaves radical, simple, oblong or spatulate: 
flowers nodding in a terminal umbel on erect, unbranching, leafless scapes, 
with involucres of small bracts; calyx 5-cleft, lobes reflexed; coroUa-tube 
veiy short, 5-parted, and the segments strongly reflexed; stamens 5, with 
short filaments, united at base, the anthers long, acute and uniting at tip, 
forming a cone; style exserted. 

D. Meidia, Linn. Shooting star. Wild in open woodland in central 
states and South and West; also cultivated; resembles Cyclamen in the flow- 
ers, which are white or rose-purple, nodding on slender pedicels; scape 6 in. 
to 2 ft. high. 



PRIMULACEiB — ^ERICACILffi 423 

3. CtCLAMEN. 

Glabrous plants from fleshy oorm: leaves all basal, rounded, cordate or 
ovate: scapes bearing (each) one nodding flower; corolla-limb 5-parted, 
lobes turning back; anthers 5, sessile, not exserted. Cultivated as house 
plants, flowering in winter. 

C. latifdlium, Sibth. 6c Sm. (C p^sicum). Leaves ovate, orenate-den- 
tate, thick, often marked with white: flowers large, white, -rose or purple, 
sometimes spotted, oblong. The florists' cydamen. 

4. LTSIMACHIA. Loosestbife. 

Perennials with leaves opposite or whorled, entire, often glandular- 
dotted: flowers yellow, solitary in axils, or panicled; calyx 6-7-parted; 
corolla wheel-form; petals 5-7, nearly distinct; stamens 5-7, the filaments 
somewhat connate at base. Wild in low groimds. 

L. vulgAris, Linn. Erect, 2-3 ft., downy: leaves 3 or 4 in a whorl: flowers 
in terminal leafy panicles; corolla-lobes glabrous. Europe. Cultivated 
and escaped. 

L. quadrifdlia, Linn. Erect, 1-2 ft., hairy: leaves lanceolate-ovate, ses- 
sile, dotted, commonly 4 in a whorl: flowers yellow, witn dark lines, on 
slender pedicels, solitary from axils of upper leaves. Damp soil. 

L. nummulftria, Linn. MoneyrvorL Trailing glabrous perennial: leaves 
round, opposite, on short petioles: flowers pure yellow, axillary solitary, on 
short peduncles; stamen filaments glandular, connate at base. Running wild 
in moist^ places, often a weed in lawns. 

XLVI. ERICACEiE. Heath FamiiiT. 

Plants of various kinds, many of them shrubs or shrubby herbs, 
some trees, perennial herbs, and parasites: leaves simple and often 
evergreen, or scale-like: flowers most perfect; corolla usually mono- 
petalous and 4- or 5-cleft; stamens hypogynous, as many or twice 
as many as petals, anthers usually opening by terminal pores; style 
1; ovary generally as many celled as corolla has lobes. A large family, 
represented by heaths, cranberry, azaleas, arbutus, laurel. 

A. Shrubs, or creeping shrubby plants. 
B. Ovary inferior: fruit a berry. 

c. Berry 10-seeded 1. Oaylu88<icia 

CKJ. Berry many-seeded 2. Vaccinium 

BB. Ovary superior. 

O. Low creeping or procumbent. 

D. Fruit berry-like: leaves aromatic 3. GauUheria 

DD. Fruit dry 4. Epigxa 

QO, Shrubs, erect. 

B. Corolla broadly open, with 10 little pouches 

holding the anthers 5. KcUmia 
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BB. Corolla bellHshaped, no pockets: flowers from 

terminal, scaly buds 6. Azalea 

AA. Parasitic herbs, destitute of green foliage, about the 

roots of trees 7. Monotropa 

1. GATLUSSACIA. Low-bush Huckleberbt. 

Shrubs, low and branching, leaves and branches sometimes with resinous 
dots: leaves alternate, entire or serrate: flowers in lateral racemes, small, 
white or pink, nodding on bracted pedicels, in late spring; corolla beil-iike 
or ovoid, with 5 lobes erect or reflezing; stamens 10, usually included; 
ovary 10-celled: fruit berry-like, containing 10 little stones, blue or black, 
sweet and edible, ripe in late summer. 

G. baccAta, C. Koch. High-land huckleberry. Shrub, 1-3 ft., with 
stiff branches and deciduous entire oval leaves, sprinkled with resinous 
dots: flowers, in 1-sided racemes; corolla white, tinged with pink, cylindrical 
or somewhat 5-angled, and contracted at margin: berry black, not glaucous. 

G. frondosa, Torr. & Gray. Tangle-berry. Shrub, 1-3 ft., with stiff spread- 
ing branches: leaves oblong to obovate, thin, smooth and pale below, 
resinous-dotted r corolla white, tinged with pink, short: berry large, dark 
blue, with a bloom. 

2. VACCfNIUM. Blueberrt. Cranbebbt. Bilbebbt. High-bush 

HUCKLEBEBBT. 

Shrubs much resembling Gaylussacia, but the ovary only 4-5-celled, 
although appearing to have twice as many cells by false partitions: fruit a 
many-seeded berry, generally edible. Fruit rip>e in summer and autimin. 

V. pennsylvinicum. Lam. Dwarf early blueberry. Shrub, 6-20 in., 
with smooth green warty branches: leaves deciduous, lance-oblong, smooth 
and glossy, but edges serrated and tipped with little bristly spines: flowers 
in clusters, with corolla cylindrical, white or pink-tinged, 5-toothed; anthers 
10, included: berry many-seeded, blue-black with a bloom, edible. 

V. corjrmbdsum, Linn. Highrbuah, or swampy huckleberry. Blueberry. 
Tall bush, with oblong or elliptical leaves: berries blue, sweet, usually 
with a thick bloom. 

V. macroc&rpon. Ait. Cranberry. Creeping, slender, scarcely woody: 
leaves small, about ^ in. long, evergreen, oval or oblong and margins 
rolled: flowers solitary, on slender erect pedicels, pale pinkish, deeper 
colored within, with 4 narrow reflexed segments. 

3. GAULTH^RIA. Wzntebgbeen. Checkebbebbt. 

Stems procimibent, with leafy branches erect: leaves alternate, evergreen 
and tasting spicy and aromatic: flowers white or pink, nodding on axillary 
pedicels; corolla oblong or short-cylindrical with 5 short lobes; anthers 10, 
awned at top: fruit berry-like, with capsule inside the thickened calsnc. 

G. prociimbens, Linn. Fig. 22. Leaves oval or obovate, much sought for 
their spicy flavor, as well as the edible red, mealy berries, which last all 
winter. In low and evergreen woods, 6 in. or less tall. 
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4. EPIGJBA. Traiuno Arbutus. Matflowbb. 

Trailing close to the ground, with ruoty-hairy steins, and alternate 
evergreen rounded leathery leaves: flowers dimorphous, in clusters at ends 
of branches, bracted, sessile; sepals 5, i>ersistent but scale-like; corolla salver- 
form, with 5 lobes; stamens 10; ovary 5-lobed. 

E. ripens, Linn. A favorite flower of very early spring, white to pink, 
H in. broad, spicynscented and wax-like, in small clusters from axils of the 
rusty leaves. Mostly North. 

5. KAlMIA. American Laxtrbl. 

Shrubs, native (belonging to East and South), with entire evergreen 
leaves: flowers in umbels; corolla ot>en, saucer-like, 5-angled with 10 little 
pits in which the anthers of the 10 stamens are caught until matiu*e or 
disturbed by insects, when the curved filaments spring upward, discharging 
the pollen; style long and slender. 

K. latifdlia, Linn. Common mountain laurel. Stout shrub, 4-20 ft., 
often forming great patches on wild or rocky hillsides; also cultivated: 
flowers about 1 in. across, rosy, or white and rednspotted, in terminal com- 
pound corymbs: leaves mostly alternate, thick, acute, green on both sides, 
lance-ovate: blooms in early summer. East and North. 

K. angustif dlia, Linn. Sheep laurel, LambkiU. Low shrub with flow^n 
about H in. across, crimson or purplish, in lateral corymbs: leaves narrow, 
obtuse, short-petioled, opposite or in 3's, pale beneath. Hillsides. 

6. AZALEA. Fig. 220. 

Shrubs, with deciduous leaves: flowers showy, in terminal, umbel-Uke 
clusters; calyx minute, 5-parted; corolla cylindrical-tubed; stamens usually 
5; style long, slender, exserted. Rhododendron is closely allied, having ever- 
green leaves, stamens usually 10, stamens and style usually not exserted. 

A. yiscdsa, Linn. Swamp fumeyauckle. Stems 4-10 ft., branching: 
leaves obovate, short-petioled, mostly smooth above and downy on tmder 
veins: flowers in summer after the leaves, fragrant, white, 1-2 in. long, 
with slender tubes rather sticky-coated, the tube longer than the lobes. A 
swamp plant. 

A. audifldim, Linn. Pinxter flower. Shrub, 3-6 ft., in swamps: flowers 
before or with leaves, rose-pink or white, fragrant, 1-2 in. across, the tube 
about the length of the lobes. 

Rhoddra canadinse, Linn., or Rhododendron Rhoddra, Don, of New 
England, is a low shrub, 2-3 ft., with fine large (1 in. wide) rose-colored 
flowers appearing before leaves. 

7. MONdXROPA. Indian Pipe. Pine-bap. 

Low herbs, parasitic on roots or saprophytic, no green about them, but 
stem bearing small scales: flowers solitary or in racemes; sepals 2, bract-like; 
petals 4 or 5, erect or spreading, wedgenshaped; stamens &-10, h3rpK)gynous; 
anthers kidney-shaped; ovary 4-5-celled, stigma radiate or disk-like. 

M. unifldra, Linn. Indian pipe. Corpse plant. Odd fleshy waxy- 
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white little plants, turning black when drying: stem, 2^ in. high, bent 
over at the top with one nodding terminal flower. 

M. Hjrpdpitys, Linn. Pine-sap. In oak and pine woods: stems scaly, 
white or tawny red, 4-8 in. high, single or in groups: flowers several, small, 
rather fragrant, in a scaly raceme. 



XLVII. RUBIACE^. Madder Family. 

A large and important family of herbs, shrubs, trees (including 
cinchona or Peruvian bark, and coffee): leaves opposite, or in S's 
with stipules between, or apparently whorled without stipules: flow- 
ers perfect, sometimes dimorphous (of 2 sorts) or trimorphous; 
calyx-tube adherent to ovary, margin 3-6-toothed; corolla regular, 
inserted on calyx-tube, and of same number of lobes; stamens of equal 
number as corolla-lobes and alternate with them; ovary 1-1(X- 
celled: fruit a capsule, berry or drupe. A large family (some 5,000 
species), largely tropical. 

A. Leaves 4-8 in a whorl: no apparent stipules: fruit 2 

nutlets, biu'-like, or sometimes berry-like 1. Galium 

AA. Leaves opposite (or whorled), with stipules. 

B. Flowers in pairs, axillary: fruit a double berry: 

creeping .2. MitcheUa 

BB. Flowers solitary, or in terminal clusters: not creeping.3. Houstonia 
BBQ. Flowers in round heads 4. Cephalanthus 

1. GALIUM. Cleavebs. Bbdstraw. 

Frail herbs, with square stems, often prickly or rough on angles and edges 
of leaves, usually diffusely branching: leaves apparently whorled and with- 
out stipules: flowers small or minute, sometimes dioecious, in cymes or 
panicles, axillary or terminal; calyx minutely 4-lobed; QoroUa 3-4-lobed: 
stamens 3-4; ovary 2-celled: fruit small, double, dry or fleshy, berry-like, 
indehiscent, or sometimes with only 1 carpel ripening. Many species. 

G. aspr^llum, Michx. Weak, reclining, or nearly erect branching 
perennial, the angles of stems with backward-pointing prickles: leaves 
small, not 1 in. long, whorled in 4's or 5's on branches, usually 6 on stem; 
edges and mid-ribs rough with prickles: flowers tiny, white, numerous, 
loosely clustered at end of branches: fruit small, smooth. 

G. circa^zans, Michx. Wild licorice. Perennial, branching, ascending 
stems with leaves in 4*s, not prickly: leaves oval to oblong, obtuse, more 
or less pubescent, an inch or more long: flowers dull greenish or brownish, 
on very short pedicels in branched cymes; fruit on reflexed pedicels, bristly: 
root and leaves with sweetish taste. Diy woods. Common. 

G. Aparine, Linn. Cleavers. Goose-grass. Annual, stems weak, pros- 
trate, scrambling, and diffuse, with backward-pointing barbs on angles: 
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small lanceolate leaves, Qr-S in a whorl, about 1 in. long, rough on edges 
and midrib: peduncles axillary, 1-3-flowered; flowers tiny, white or 
greenish: fruit a dry little bur, covered with hooked prickles, on erect pedi- 
cels. Low ground or thickety woodland. 

2. MITCH£lLA. Partridqe-berrt. Squaw-vine. 

Trailing, evergreen-leaved herbs: leaves opposite, round-ovate, dark 
green, smooth and glossy, entire, on short petioles: flowers small, dimorphous, 
in pairs, on a double ovary (2 ovaries united) from leaf-axils; corolla funnel- 
form, 4-parted, bearded within, white with pink tips to lobes; stamens and 
stigmas 4: fruit a double scarlet berry, with 4 seeds or stones. 

M. rdpens, Linn. A pretty little creeper of woods in the North: flowers 
fragrant and delicate, in June, the double scarlet berries found all wintei^ 

3. HOUSTONIA. Bluets. 

Low, delicate little herbs, with stems erect, simple or branching: leaves 
opposite, entire; stipules entire and short, or a mere line connecting bases 
of the opposite leaves: flowers generally dimorphous in respect to anthers 
and stigmas, small, solitary or clustered; calyx 4-toothed; corolla tubular, 
rotate, 4-lobed; stamens 4 on corolla: fruit a short pod, 2-celled, many- 
seeded, opening at the top, upper part free from calyx. 

H. cflsr^ea, Linn. Perennial, 3-6 in., the stems erect, very slender, in 
tufts, from slender rootstocks: leaves sessile, oblong or spatulate, H-H in. 
long, often hairy: flowers blue to white, with yellow centers, solitary on 
peduncle. Early spring to summer; very floriferous. 

4. CEPHALANTHUS. Button-bush. 

Shrubs (or small trees): leaves entire, opposite or verticillate: flowers 
small and many, white or yellow, in close roimd heads, on peduncles; calyx 
4-toothed; corolla tubular, with 4 short lobes; stamens 4 on corolla throat; 
style long and exserted: fruit small, dry, inversely pyramidal. 

C. occidentilis, Linn. Tall shrub with leaves in 2's or 3's, oval-pointed, 
petioled, with stipules between: heads of whitish flowers about 1 in. in 
diameter. Usually along streams and pond banks. 

XLVIII. CAPRIFOLlACEiE. Honeysuckle Family. 

Erect or twining shrubs, or sometimes herbs, with opposite mostly 
simple leaves: flowers epigynous, 5-merous, regular or irregular, 
tubular or rotate; stamens usually as many as the lobes of the corolla 
and inserted on its tube; ovary 2-5-loculed, ripening into a berry, 
drupe, or capsule. About 15 genera and 200 species. Characteristic plants 
are honeysuckle, elder, vibumimi, snowberry, weigela, twin-flower. 

A. Corolla long-tubular. 

B. Fruit a berry (often 2 together) several-seeded: leaf- 
margins entire or wavy edged: sometimes connate 1. Lonicera 
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m. Fruit & linear-oblong capmile, 2-TalTed, many-seeded: 

leaf-margin serrate 2. DierviUa 

AA. Corolla Bhallow, usually rotate. 

B. Leaves simple 3. Viburnum 

BB. Leaves pinnBtely compound 4. Sambueua 

1. LOBICfiRA. HoNBYeucKLZ. 

Erect or twining shruba, with tubular, funneUorm, more or less iittiMlBr 
flowers (often 2-lipped); corolla bulging on one side near the base; stamens 
6: fruit a berry, usually 2 together from 2 contiguous flowers. 

. a. Erect. 

L. canadjuli. Marsh. Open, smooth bush, 3-G ft.: leaves cordate- 
oblong, not sharp-pointed, entire: flowers less than 1 in. long, soft yellow, 
the lobea neariy equal: berries red. Common in woods. Blooms in very 
early spring. 

L. tatiilca, Linn. Tarlarian himeytuckU. Tall shrub (to 12 ft.): 
leaves cordate-oval, not long-pointed, entire: flowers pink or red (some- 
times nearly white). 2-lipped. all the lobes oblong. Asia, but common 
in yards. Spring. 

aa. Twiniag. 

L. japAnict, Thunb. (L. HaUUtna of gardens). Fig. 5M. Weak twiner, 
with oblong or ovate entire nearly evergreen leaves: flowers small, on short 
pedicels, fragrant, opening white or blush but changing to yellow. Japan ; 
much cultivated. 

L. Perid^enom, Linn. Probably the commonest of the old-fashioned 
climbing honeysuckles (from Old World) ; strong and woody: leaves oblong- 
ovate, not jouied by their bases, entire, dork green above and pale beneath; 
flowers large, reddish outside and yellow inside, very fragrant, in a dense, 
long-stalked cluster. 

L. lempirviiens, Ait. 

Trumpet or coral hone}/- 

ttickls. Fig. 14S. Glabrous 

twining shrub, with leaves 

evergreen, oblong, entire, 

glaucous, upper pairs joined 

at base about the stem, 

appearing perfoliate; flowers 

nearly sessile, in rather 

distant whorled clusters on 

terminal spikes, the corolla 

trumpet-shape, tube almost regularly 5-lobed. 1M~2 in. long, scailet without, 

yellowish within; stamens and style not much, if any projecting. Moist or 

low ground, often cultivated. 
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2. DIBRVfLLA. Bush Honetbuckle. 

Erect, low shrubs or bushes: leaves simple, opposite, ovate or oblong, 
acute-pointed, serrate, deciduous: flowers in axillaiy or terminal C3rmes, or 
solitary; calyx-tube slender, limb of 5 slender, persistent lobes; corolla 
funnelform, 5 lobes almost regular; stamens 5i ovary inferior, 2-celled, 
1 filiform style: fruit slender 2-celled many-seeded pod, crowned with calyx. 

D. Lonicdra, Mill. Bushy shrub, 1-4 ft.: leaves oval to ovate, taper- 
pointed, on short petioles: peduncles terminal or in upper axils, mostly 3- 
flowered: corolla slender, tubular, greenish yellow (honey color), not over 
^ in. long. Banks. Sununer. 

D. hybrid*, Hort. WeigeLa. Shrub, 2-8 ft.: leaves oval, acute coarsely 
serrate, rather rough above and soft below, short-petioled: flowers funn^- 
form, 1-1 H ^' long; tube downy without; 5-lobed; the limb spreading. A 
group of conmion garden shrubs, derived from 2 or more Japanese species, 
with white, pink, or red showy flowers. 

3. VIBtfRNUM. Arrow-wooI). 

Erect shrubs, with simple leaves and small whitish flowers in broad 
cymes: stamens 5; stigmas 1-3: fruit a small Inseeded drupe. 

a. Flowers ail alike in the cyme. 

V. L«ntligo, Linn. Sheepbeny. Fig. 305. Tall shrub (to 20 ft.): leaves 
ovate-pointed, finely and sharply serrate, shining above, on long margined 
petioles: fruit \^ in. or more long, black. Common. 

V. acerfdlium, Linn. Dockmachie. Arrow-wood. Six ft. or less: leaves 
3-lobed and maple-like, downy beneath: cyme small and slender-stalked: 
fruit flat and small. Woods. 

aa. Flowers larger on the margin of the cyme. 

V. dpulus, Linn., var. americanttin. Ait. Highrbush cranberry. Erect, 
10 ft. or less: leaves 3-lobed and toothed: outer flowers sterile and large: 
fruit an acid red edible drupe. Swamps. In cultivation all the flowers have 
become sterile, resulting in the "snowball." Compare Figs. 264, 265. 

V. tomentdsum, Thunb. {V. pticiUum of gardens). Japanese snowball. 
Leaves not lobed, shallow-toothed, thickish, plicate: heads of sterile flowers 
axillary, globular. Japan. 

V. alnifdlium. Marsh. Hobbldmsh. About 5 ft., with straggling branches, 
often arching to ground and rooting, thus making loops or "hobbles:" 
flowers resemble those of wild hydrangea, in flat-topped cymes, with mar- 
ginal flowers larger, sterile and showy, white: leaves very large, round or 
heart-shaped, finely serrate, petioles and veinlets scurfy: drupes coral-red, 
becoming purple, not edible. Cold woods and swamps. 

4. SAMBtrCUS. Elder. 

Strong shrubs, with pinnate leaves and sharp-serrate leaflets: flowers in 
dense corymbose cymes; calyx-teeth very small or none; corolla shallow, 
open ; stamens 5 ; stigmas 3 : pith prominent in the stems. Common. 
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S. racemdsa, Linn. Red elder. Pith and berries red: flowers in spring 
in pyramidal clusters: leaflets lanceolate, downy beneath. 

S. canadensis, Linn. Common elder. White elder. Pith white: berries 
black-purple, in late summer, edible: flower-clusters convex or nearly flat, 
in summer: leaflets oblonic, smooth. 



XLIX. CAMPANULACEiE. Bbllplowbr Familt. 

Herbs (with us): leaves alternate, simple, without stipules: flow- 
ers regular and perfect, mostly bell-shaped corollas, 5-lobed or 5- 
angled; cals^x 5-lobed; stamens 5, distinct; ovary 2-n5-celled; style 1; 
stigmas 2-5: fruit a capsule. Some 1,200 or more species. 

A. Corolla (of the conspicuous flowers) wheel-shape: early 

flowers not opening (cleistogamous) 1. Specularia 

AA. Corolla bell-form: flowers all alike .2. Campanula 

I. speculAria. 

Annual herbs, with erect, angled stems, simple or branching: leaves 
entire or toothed: flowers sessile or nearly so, axillary, solitary or clustered, 
the early ones cleistogamous and small, the later expanding, light blue, 
5-lobed, wheel-shaped corolla; filaments shorter than the anthers. 

S. perfoli&ta, DC. Stems erect, simple or branched, 10 in. to 3 ft. tall, 
leafy, the leaves rounded heart-shaped or broadly ovate, with clasping bases: 
flowers solitary, 2 or 3 together in leaf -axils. More or less weedy, 

S. Speculum, DC. VeniL8* looking-glass. Low garden annual, with stem 
branching diffusely: flowers purplish lilac to rose-colored or white, solitary 
and terminal: leaves oblong, crenate. 

2. CAMPANULA. Bellflower. Harebell. 

Flowers solitary or racemed or spiked, blue or white, not cleistogamous: 
calyx 5-lobed; corolla bell-shaped: pod roundish, opening at sides (Fig. 283). 

C. aparinoides, Pursh. A weak, reclining, Galium-likc perennial, found 
among grasses in moist meadows: stem very slender, triangular, angles 
bearing rough backward-pointing prickles: leaves small, lance-linear, entire: 
flowers very small, about }4 ^^' long, white, on spreading pedicels. 

C. rotundifdlia, Linn. Common harebell. Perennial from slender root- 
stocks, nearly or quite glabrous, 5-12 in. high: root-leaves rounded or 
cordate, often withering before blooming season, the stem-leaves linear to 
narrow-lanceolate, entire: flowers few or solitary on slender pedicels, nod- 
ding when open; corolla bell-shaped, with pointed lobes, }^-% in. long, blue. 
Rocky places, northward. 

C. Medium, Linn. Canterbury hell. Cultivated from Europe, annual 
or biennial, erect to 3 ft., rather hairy, branching or simple: leaves lanceo- 
late, rather coarsely-toothed: flowers 2-3 in. long, single or double, blue; 
stigmas 5; sepals leafy-appendaged at base. 
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L. LOBELlACEiE. Lobelia Family. 

Herbs: leaves alternate or radical, simple: flowers scattered, 
racemed or panicled, often leafy-bracted; calyx-tube adherent to 
ovary; corolla irregular, monopetalous, 5-lobed, usually split on one 
side; stamens 5, usually united, at least by anthers, about the 1 
style; stigma 2-lobed: fruit a capsule, loculicidally 2-valved. 

LOBELIA. 

Flowers often showy, axillary and solitary, or in terminal bracted 
racemes; oorolla as if 2-lipped; stamens generally unequal, monadelphous, 2 
or all of the 5 anthers bearded at the top. Many species. 

L. cardinilis, linn. Cardinal fiower. Indian pink. A showy plant 
of swampy or moist soil, also cultivated: tall, simple stem, 2-4 ft., with 
showy, deep-red flowers (rarely pale colored), about 1 in. long, bracted, in 
terminal racemes: leaves sessile, lance-oblong, slightly toothed. 

L. Erinus, Linn. The common, pretty, annual trailing or spreading 
Lobelia of gardens and greenhouses: flowers many, small, very blue, usually 
with white throats (varying to whitish): lower leaves spatulate; upper 
narrow, toothed. 

L. sjrphilftica, Linn. Stem erect to 1-3 ft., angular, heavy: leaves 
oblong-ovate, irregularly serrate: flowers in terminal, leafy raceme; flowers 
intense blue (or white), 1 in. or more long; calyx hairy or hispid, lobes 
auricled at base, dentate. Perennial, in low or marshy groimds or along 
streams. Late summer. 

L. spicAta, Lam. Erect smoothish stems, 1-3 ft., sparingly leafy, the 
terminal raceme with linear, small bracts: leaves oblong, upper small and 
narrow: flowers small, pale blue; calyx-lobes not aiu*icled at base, entire. 
Dry, sandy soil. 

L. inflita, Linn. Indian tobacco. Erect, 9-12 in., rather hairy, branch- 
ing: leaves ovate, toothed: flowers small, H in. iong, pale blue, in loose, 
racemes, leafy-bracted: capsules inflated, large. Common in fields^ juice 
pungent-poisonous. 

LI. COMPCJSIT-^. Composite or Sunflower Family. 

Mostly herbs, many of them very large, very various in foliage: 
flowers small, densely packed into an involucrate head, 5-merous; 
the corolla of the outer ones often developed into long rays; stamens 
5, the anthers united around the 2 styles: fruit dry and 1-seeded, 
indehiscent, usually crowned with a pappus which represents a calyx. 
The largest of all phenogamoup families, comprising about one-tenth 
of all flowering plants, — about 800 genera and 11,0(X)-12,(X)0 species. 
Ck)mmon composites are simflower, aster, goldenrod, boneset, dahlia, 
chrysanthemum, marigold, compass plant, thistles, dandelion, lettuce. 
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A. Heads with all flowers strapHshaped (with rays) and 
perfect: jiiice milky: leaves alternate. 
B. Flower-heads terminal on leafless, hollow stalk 

from radical leaves 1. Taraxacum 

BB. Flower-heads terminal on leafy stalks: leaves 

parallel-veined 2. Tragopogon 

BBB. Flower-heads in corymbs or clusters. 

c. Heads never yellow (usually blue or white): 

pappus of blunt scales 3. Cickorium 

cc. Heads usually yellow (in one. case blue). 

D. Achenes beaked: pappus copious, white, soft, 
hair-like: leaves sometimes bristly or prickly 

edged 4. Lactuca 

DD. Achenes not beaked. 

E. Pappus soft, white: leaves usually auri- 
cled and clasping at base, and prickly 

on edges and imder ribs 5. Sonchua 

KB. Pappus stiff, brownish, leaves not spiny. . . 6. Hieracium 
AA. Heads with tubular and mostly perfect disk flowers, 
the rays, if any, formed of the outer strap-shaped 
and imperfect flowers: in cultivated species, all 
the flowers may become strap-shaped (head 
"double"): juice not milky. 
B. Fruit a completely closed and biu'-like involucre, 
containing 1 or 2 small achenes: flowers im- 
perfect (see also No. 23). 

c. Involucre-bur large, and sharp-spiny 7. XarUhtum 

cc. Involucre-bur small, not sharp-spiny 8. Ambrosia 

BB. Fruit not formed of a closed and hardened in- 
volucre (although the involucre may be spiny, 
as in Arctium and Cnicus). 
c. Pappus none: achenes not awned. 
D. The leaves opposite. 

X. Leaves simple: flower-heads small: flowers 

blue or white 9. Ageraium 

BE. Leaves compound: flower-heads large, 

various colors, mostly of ray florets 10. Dahlia 

BEE. Leaves dissected: heads showy 11. Cosmos 

BEEE. Leaves various: rays usually about 8, 

neutral and yellow. (See Coreopsis, 21.) 
DD. The leaves alternate. 
E. Foliage finely divided. 

F. Heads small (about H in*): achenes 

flattened 12. Achillea 

FF. Heads good-sized (about 1 in.): achenes 

oblong, angled or ribbed 13. Anthemia 
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SB. Foliage leaves entire, toothed, or broad- 
lobed. 
F. Achenes curved or horseHshoe-shaped. ... 14. CcUendtUa 
FF. Achenes straight. 

Q. Torus flat or slightly convex 15. ChrysarUhemutn 

GO. Torus conical. 

H. Rays yellow: flowers large, 2-3 in... 16. Budbeckia 
HH. Rays not yellow: flowers about 

1 in. across: plant low 17. BeUia 

oc. Pappus of 2 thin early deciduous scales 18. HeliarUhua 

ccc. Pappus a short crown, or achenes awned at the 
top with (2 or more) awns. 
D. Achenes angled or ribbed, crowned with cup- 
like or lobed pappus: foliage strongly 

"tansy" scented 19. Tanacetum 

DD. Achenes more or less flattened, and awned 
at summit, with usually 2 or 4 awns. 
B. Awns barbed downward: achenes various, 
narrowed at top, and awned, but not 

, really beaked 20. Bidena 

EB. Teeth not downwardly barbed: (some- 
times achenes awnless . ) 21. Coreopsis 

cocc. Pappus of many bristles. 

D. Plant very prickly 22. Ciraium 

DD. Plant not prickly. 

E. Involucre prickly and bur-like y.23. Arctium 

BE. Involucre not bur-like or prickly. 

F. Torus bristly (chaff or bracts amongst 

the florets) 24. CerUaurea 

FF. Torus naked. 
G. Rays present. 
H. Flowers yellow. 

I. Leaves all radical: rays numerous 

and fertile 26. Tuasilago 

II. Leaves on stems, alternate. 

J. Heads small, in large clusters 

or panicles . . . : 26. Solidago 

jj. Heads large and broad: leaves 
large on stem and in a basal 

climip 27. Inula 

HH. Flowers not yellow. 

I. Scales of the involucre unequal. . .28. Aster 

n. Scales equal in length 29. Erigeron 

lu. Scales in several rows, more or 

less leafy 30. CaUistephus 

GO. Rays none. 

BB 
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H. Plants cottony-white, or downy- 
lookiug. 
I Heads mostly dioecious. 

J. Leaves basal and also on stem: 
pappus thickened at summit 
and more or less barbed or 

plumed 31. Antennaria 

jj. Stems leafy: pappus not thick- 
ened at summit: some sterile 
flowers, usually in center of 

the fertile heads 32. Anaphalia 

II. Heads not dioecious: outer flowers 

pistillate, central perfect 33. OnaphcUium 

HH. Plants not cottony-white. 

I. Flower-heads showy, spicate or 
racemed, rose-purple: leaves 

alternate 34. Liatris 

II. Flower-heads small, in cjnnes or 
corymbs. 
J. Flowers white or pale purple: 

leaves mostly opposite 35. Eupatorium 

JJ. Flowers purple: leaves alter- 
nate 36. Vemonia 

1. TARAXACUM. Dandelion. 

Stemless herbs, the 1-headed scape short, leafless' and hollow: florets 
all perfect and strap-shaped: fruit ribbed, the pappus raised on a long beak. 
Variable plants. 

T. officinale, Weber (T. Dena-leonia, Desf.). Common dandelion. Figs. 
8, 302. Perennial, introduced from the Old World: leaves long, pinnate or 
lyT&ie: heads yellow, opening in sun. 

2. TRAG0P6G0N. Goat's Beard. 

Biennials or perennials, stout, smooth, often glaucous, with long, grass- 
like leaves clasping the stem: flowers all ligulate, in large solitary heads, 
purple or yellow, terminal on long peduncle, with single involucre of many 
bracts, which are equal and lanceolate, joined at bases: pappus in one 
series, long and plumose: achenes linear, mostly with long slender beaks, 
6-10-ribbed or angled: flowers open in early morning, usually closed at 
midday. Juice milky. 

T. porrifdlius, Linn. Salsify. Oyster-plant. Biennial; involucral bracts 
much longer than the rays: stems 2-3 ft. high, hollow and thickened 
upward: flowers piirple. Europe. Cultivated for the edible tap-root. Some- 
times wild. 

T. prat^nsis, Linn. Similar to preceding, but flowers yellow and in- 
volucral bracts not longer than rays. Europe. Fields and waste places, 
eastern and middle states. 
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3. CICHORIUM. Chicokt. 

■ 

Tall, branching perennials, wifch deep, hard roots: florets perfect and 
8trapH3haped: fruit lightly grooved, with sessile pappus of many small, 
chafify scales. 

C. Intybus, Linn. Common chicory. Runs wild along roadsi4es (from 
Europe); 2-3 ft.: leaves oblong or lanceolate, the lowest pinnatifid: flowers 
bright blue or pink, 2-3 together in the axils on long nearly naked branches. 

4. LACTtrCA. Lettuce. 

Coarse weedy plants: stems tall and leafy, simple or branching, car- 
rying small panioled heads of insignificant flowers: juice milky: stem-leaves 
alternate, entire, or pinnately divided with lobes and margins and under 
midrib often spine-tipped: involucre cylindrical, with bracts in 2 or more 
imequal rows; flowers all ligulate and perfect, with the ligules truncate and 
6-toothed: achenes oval to linear, flattened, 3-5-ribbed on each face, 
smooth, abruptly narrowed into a beak: pappus abundant, white or brown- 
ish and soft. 

L. canadensis, Linn. Common in rich soil, 3-9 ft. tall: leaves smooth, 
lanceolate to spatulate, sessile or clasping, margins entire, sinuate, or 
runcinately pinnatifid, the radical leaves petiolate — all smooth and glaucous; 
flowers pale yellow, in small heads (3^-K hi. long), the heads more or less 
diffusely panicled. Biennial or annual. 

L. villdaa, Jacq. Three to 8 ft. : leaves ovate to lanceolate, pointed and 
serrate, teeth mucronate, sometimes hairy on under midrib, the petioles 
winged, more or less sinuate or clasping and arrow-shaped: inflorescence a 
panicle of numerous small heads; rays bluish: achenes short-beaked or 
beakless: pappus brownish. Biennial or annual. 

L. Scariola, Linn. Prickly lettuce. Fig. 86. Glabrous and rather glaucous- 
green, with tall, stiff, erect stem, branching, usually somewhat prickly: 
leaves oblong or spatulate, dentate or pinnatifid, sessile, or auricled and 
clasping, with margins and under midrib spiny: heads small, 6-12-flowered, 
but numerous, the rays yellow; involucre narrow, cylindric: achenes flat, 
ovate-oblong, with long filiform beak. Europe. A common coarse biennial 
weed. 

L. sativa, Linn. Garden lettuce. Cultivated for the tender root-leaves 
as a salad: flowers yellow on tall small-leaved stems. 

5. SdNCHUS. Sow Thistle. Milk Thistle. 

Coarse, succulent weeds, smooth and glaucous or spiny, with leafy stem, 
resembling wild lettuce, but achenes truncate, not beaked, and the flowers 
always yellow: involucre bell-shape in several imequal series; rays truncate, 
6-toothed. All from Europe. 

S. oler&ceus, Linn. Annual, from fibrous roots, 1-5 ft., with pale yellow 
flowers in heads %-\ in. in diameter: leaves various, mostly on lower part 
of stem, petiolate or clasping by an auricled base, the lobes acute; in shape 
lanceolate to Isrrate-pinnatifid, margins spinulous. 

S. arv^nsis, Linn. Perennial with creeping rootstocks: flowers bright 
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555. Xanthium 
oanadenae. 



yellow in showy heads: leaves various, but spiny on margins, and generally 
with clasping, auricled bases: Ibracts of the involucre bristly. 

S. isper, Hill. Spiny-leaved sow thistle. Annual weed: resembles 3, 
oleraceus closely, but the clasping auricles are rounded at base, stem-leaves 

not so divided and more spiny. 

6. HIERACIUM. Hawkweed. 

Hairy, or glandular-hispid, or glabrous perennials, 
with radical or alternate entire leaves: head of 12-20 
yellow or orange ligulate flowers, solitary or panicled; 
involucre in one or several series, unequal; rays trun- 
cate and 5-toothed: achenes oblong, striate, not 
beaked; pappus single or double, delicate, tawny or 
brownish, stiff, not plumose. Large number of species 
widely spread. 

H. vendsum, Linn. Rattlesnake-weed. Smooth, 
slender, leafless or with 1 or few leaves, 1-2 ft., fork- 
ing into a loos6, spreading. corymb of heads: leaves thin, glaucous, radical 
and tufted, or near base on stem, oblong or oval, nearly entire, slightly 
petioled or sessile, sometimes purplish or marked with purple veins: achenes 
linear, not narrowing upward. Dry woods. 

H. aurantiacum, Linn. Orange hawkweed. DeoiVs paint-brush. A very 
bad weed in meadows East, from Europe: hirsute and glandular: leaves 
narrow: heads deep orange: achenes oblong, blunt. 

7, XANTHIUM. CLorauR. 

Coarse homely annual weeds with large alternate leaves: flowers mon- 
oecious: in small involucres; sterile involucres composed of separate scales, 
in short racemes; fertile involucres of united scales forming a closed body, 
clustered in the leaf-axils, becoming spiny burs. 

X. canad^nse, Mill. Common clothur. Fig. 555. 
One to 2 ffc., branching: leaves broad-ovate, petioled, 
lobed and toothed: burs oblong-conical, 1 in. long, 
with 2 beaks. Waste places. 

X. spindsum, Linn. Spiny dotbur. Pubescent, with 
3 spines at the base of each leaf: bur H in. long, with 
1 beak. Tropical America. 

8. AMBR6SIA. Ragweed. 

Homely strong-smelling weeds, monoecious: sterile 
involucres in racemes on the ends of the branches, the 
scales united into a cup; fertile involucres clustered in 
the axils of leaves or bracts, containing 1 pistil, with 
4-8 horns or projections near the top. Following are 
annuals: 

A. artemisisefdlia, Linn. Common ragweed. Figs. 
416, 656. One to 3 ft., very branchy: leaves opposite 
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or alternate, thin, once- or twice-pinnatifid: fruit or bur globular, with 6 
spines. Roadsides and waste places. 

A. trffida, Linn. Oreai rcLgweed, Three to 12 ft., with opposite 3-lobed 
serrate leaves: fruit or bur obovate, with 5 or 6 tubercles. Swales. 

9. AG^RATUM. Ageratum. 

Small diffuse mostly hairy herbs, with opposite simple leaves: heads 
small, blue, white or rose, rayless, the involucre cup-shaped and composed 
of narrow bracts; torus fiattish; pappus of a few rough bristles. 

A. conyzoides, Linn. {A, mexicdmum of gardens). Annual pubescent 
herb, with ovate-deltoid serrate leaves: cultivated (from tropical America) 
for small and numerous clustered soft heads. 

10. dAhlia. 

stout familiar garden herbs, tall and branching, from tuberous roots: 
leaves opposite, pinnately divided: ray flowers in natural state are neutral 
or pistillate and fertile; disk flowers perfect; involucre double, outer scales 
distinct and leaf-like, the inner united at base; receptacle chaffy; pappus 
none. In the big cultivated dahlias, most of the flowers are rays. 

D. vari&bilis, Desf. Figs. 257, 258. Several feet, with fine large heads 
of flowers, colors various; heads solitary:* leaves pinnate, leaflets unequal, 
3-7, ovate-acuminate, coarsely serrate. Mexico. 

11. C6SM0S. 

Handsome tall plants, 4-5 ft. high, cultivated for the fine foliage and late 
flowers: leaves opposite, very finely dissected, thrice-compound, the leaflets 
extremely narrow, and sessile: flower-head with double involucre; the outer 
bracts dark green, calyx-like, 8 in number, the inner scales erect, with 
recturved tips; ray flowers, usually 8, neutral, white, pink; disk flowers per- 
fect, tubular, yellow; receptacle chaffy: achenes flattened, beaked. Mexico. 

C. bipinnAtus, Cav. Rays 1-2 in. long, crimson, rose or white, the disk 
yellow. The commonest species. 

C. sulph^eus, Cav. Both rays and disk yellow. 

12. ACHILLEA. Yarrow. 



Low perennial or annual herbs: heads corymbose, many-flowered, white 
or rose, with fertile rays; scales of involucre overlapping (imbricated); torus 
flattish, chaffy; pappus none. 

A. Millefdlium, Linn. Yarrow. Stems simple below, but branching at 
the top into a large rather dense umbel-like flower-cluster: leaves very 
dark green, twice pinnatifid into very fine divisions: rays 4-5. Fields 
everywhere. 

13. ANTHEMIS. Chamomile. Fig. 417. 

Strong-scented, branching herbs with finely pinnatifid leaves and 
many-flowered heads, solitary on peduncles: ray flowers white or yellow, 
pistillate or neutral, the edge of corolla entire or 2-3-toothed: disk flowers 
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perfect, fertile, yellow, ooroUa 5-cleft; receptacle convex, partially chaflPy; 
involucral bracts small, dry, in several series, outermost shortest: achenes 
round or ribbed, smooth: pappus none or a slight border. There are a 
number of cultivated plants in this genus. 

A. Cdtula, DC. May-weed. Annual, bushy, erect, 1-2 ft.: heads ter- 
minal, corymbed, 1 in. broad; rays usually white, neutral; disk flowers yel- 
low: leaves alternate, mostly sessile, finely pinnatifid. Roadsides. Europe. 

14. CALfiNDULA. Pot Mabiqold. 

Erect, quick-growing annuals, with terminal large yellow or orange heads 
with pistillate rays: involucre of many short green scales; torus flat; pap- 
pus none: achenes of the ray florets (those of the disk florets do not mature) 
curved or coiled. 

C. ofBicinAlis, Linn. Common pot marigold. A common garden annual 
from the Old World, with alternate entire sessile oblong leaves: 1-2 ft. 

15. CHRYSANTHEMUM. Chrysanthemxtm. 

Erect herbs, annual or perennial, with alternate lobed or divided leaves : 
rays numerous, pistillate and ripening seeds; torus usually naked, flat or 
convex; pappus nope. 

a. Achenes of ray florets winged, 

C. morifdlium. Ram. (C sininse, Sabine). Greenhouse 
chrysanthemum. Tall and mostly strict, with lobed, firm and 
long-petioled alternate leaves: flowers exceedingly various. 
China. 

aa. Achenes not winged, 

C. Leuc&nthemum, Linn. Whiteweed, Ox-eye daisy. Fig. 
189. Perennial, with many simple stems from each root, rising 
1-2 ft., and bearing alternate oblong sessile pinnatifid leaves: 
heads terminating the stems, with long white rays and yellow 
disks. Fields everywhere in the East, and spreading West. 

16. RUDB^CKIA. Cone-flower. 

beokiahkta. Perennial or biennial herbs, with alternate leaves and 

showy yellow-rayed terminal heads: ray florets neutral; scales 
of involucre in about 2 rows, leafy and spreading; torus long or conical, with 
a bract behind each floret: achenes 3-angled, with no prominent pappus. 
Strong field plants. 

R. hfrta, Linn. Black-eyed Susan. Ox-eyed daisy in the East. Fig. 557. 
Biennial, 1-2 ft., coarse-hairy, leaves oblong or oblanceolate, nearly entire, 
3-nerved: rays as long as the involucre or longer, yellow, the disk brown; 
torus conical. Dry fields. 

R. laciniAta, Linn. Two to 7 ft., perennial, smooth, branching: leaves 
pinnate, with 5-7-lobed leaflets, or the upper ones 3-5-parted: Ttxyn 1-2 in. 
long; torus becoming colimmar. Low places. 
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17. B£LLIS. Garden Daisy. 

Low tuftecl herbs with many-flowered heads, solitary on scapes: leaves 
spatulate, petioled: flowers both radiate and tubular, mostly double, with 
margins of the rays various, quilled, and otherwise modified in the cul- 
tivated forms: ray flowers white or pink, pistillate; disk flowers yellow, 
perfect with tubular corolla, limb 4-5-toothed: achenes flattened, wingless, 
nerved near margins. 

B. per€nnis, Linn. English daisy. European garden daisy. Fig. 200. 
Flower-head on a scape 3-4 inches high, from radical leaves, %-l in. in 
diameter, with numerous linear rays, white, pink, bluish. Europe. Perennial., 
Ciiltivated in gardens or on lawns. April to November. 

18. HELIANTHUS. Sunflower. Figs. 3, 4. 

Stout, often coarse perennials or annuals, with simple alternate or 
opposite leaves and large yellow-rayed heads: ray florets neutral; scales of 
involucre overlapping, more or less leafy ; torus flat or convex, with a bract 
embracing each floret: achene 4-angled: pappus of 2 scales (sometimes 2 
other smaller ones), which fall as soon as the fruit is ripe. 

a. Disk brown. 

H. innuus, Linn. Common sunflower. Tall, rough, stout annual, with 
mostly alternate stalked ovate-toothed large leaves : scales of invoiucre ovate- 
acuminate, ciliate. Minnesota to Texas and West, but everywhere in gardens. 

H. scab6rrimus. Ell. Prairie sunflxnver. Stout perennial (2-6 ft.), rough: 
leaves oblong-lanceolate, entire or serrate, rough and grayish, thick and 
rigid: heads nearly solitary, with 20-25 rays. Prairies, Michigan, west. 

aa. Disk yellow (anthers sometimes dark), 

H. gigaiitdus, Linn. Tall, to 10 ft., rough or hairy: leaves mostly 
alternate, lanceolate-pointed, finely serrate or quite entire, nearly sessile: 
scales linear-lanceolate, hairy; rays pale yellow, 15-20. Low grounds. 

H. divaricatus, Linn. Figs. 3, 4, 23, 28. Small for the genus, 1-4 ft.: 
leaves opposite, ovate-lanceolate, 3-nerved, sessUe, serrate, rough and 
thickish: rays 8-12, 1 in. long. Common in dry thickets. 

H. tuberdsus, Linn. Jerusalem artichoke. Bearing edible stem-tubers 
below ground : 5-10 ft. : leaves ovate to oblong-ovate, toothed, long-petioled : 
scales not exceeding the disk: rays 12-20, large. Pennsylvania west, and 
cultivated. 

19. TANACfiTUM. Tansy. 

Tufted perennials, with finely divided leaves and strong odor: involucre 
of overlapping dry scales; torus convex; heads small, nearly or quite rayless, 
the flowers all seed-bearing: achenes angled or ribbed, bearing a short 
crown-like pappus. 

T. vulgllre, Linn. Common tansy from Europe, but run wild about old 
houses: 2-4 ft.: leaves 1-3-pinnately cut: heads yellow, pappus-crown 
5-lobed. 
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20. BIDBHS. BuK-tuBiaoui. Bboqab'b Ticks. PircHtORKs. 

Audu^ or perenmal, dmilar to CoreopsiB, includiDg weeds known aa 
Spaniab-needles or stick- tights: leaves opposite: flowers mostly yellow; 
involucre double, outer scales large and leaf-like; heads many-Howered ; 
ray flowers 4-8, neutral, or none: disk flowers perfect, tubular: BcheneB 
flattened or slender and 4.«ngled. crowned with 2 or more rigid downwardly 
bed awns. 

B. frondfiu, Linn. Pigs. 418, 568. 
Smooth or sparsely hairy, 2-6 ft. t&Il, 
btanohinj; leaves 3-&-divided. or 
upper simple; leaflets staked, lauceo- 
late. serrate; outer involucre longer 
than head: bracts foliaceous: achenes 
wedge-ovate, flat, 2-awned. In moist 
places. Annual. 

B. Ijbvis, BSP. Smooth branching 
annual, Q in. to 2 ft,, usually abundant along 
ditches; leaves sessile, simple, lanceolate, acumi- 
nate, perrate, the bases sometimes united: outer 
involucral bracts exceeding the inner, but shorter 
than the yellow, oval or oblong rays : rays about 1 
in. long, 8 or 10 in number: achenee small, wedge- 
shaped, truncate, prickly on marginB. with 2 rigid 
downwardly barbed awns. 

B. bipinnjlta, Linn. Spaniek needlet. Annual: 
stem quadrangular, erect, branching freely: leaves 
1-3 times pinnat«, leaflets lanceolate, pinnatifid; 
heads small on slender peduncles; rays short, pale 
achenee smooth, 3-4-grooved, 
2- or 0-awned (awns barbed). 

21. COREdPSIS. TiCKSBBD. 

Low herbs with opposite, sometimes alternate leaves: 

heads of tubular and ray flowers golitaty. or corymbed on 

long peduncles; involucre double, bracts all united at 

base, the 8 outer ones usually leafy; the inner erect; re- 

' ceptacle chaffy; ray flowers neutral, usually yeUow; disk 

flowers tubular, perfect, yellow or purple; pappus of 2 short teeth or a 

crown-like border, or none: achenes flat, often winged, 2-tootbed or 2- 

armed. A number of rather showy but somewhat weedy plants. 

C. tinctAria, Nutt. Catlviptu. Annual or biennial, Rlabroua, erect. 1-3 
ft. ; disk flowers dark purple ; ray flowers about S. yellow with purple bases, 
the edges coarsely 3-toothed: leaves alternate, 2 or 3 times pinnately- 
divided; the lower petioled. the upper sessile and often entire; heads 1-lJ^ 
in. wide, on slender peduncles. A favorite in Rardens. Ray flowers variable 
in shape and coloring. 

C. trfpteris, Linn. Tall coreopsis. Tall and leafy stems, 4r-9 ft.: disk and 
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ray flowers all yeUow; heads small, numerous, 1-1 1^ in. broad, corymbed, 
giving a spicy odor when bruised. Perennial. Weed, common. 

C. UnceolUta, Linn. Perennial, native and cultivated: nearly or quite 
glabrous: leaves oblong or linear, mostly entire, obtuse: heads large, yellow- 
rayed, on very long stems. 

22. CtRSIUM. Thistle. 

Perennial or biennial herbs, with pinnatifid, very prickly leaves: florets 
all tubular and usually all perfect; scales of the involucre prickly; torus 
bristly; pappus of soft bristles, by means of which the fruit is carried in the 
wind. Several species in our territory. 

C. lanceoldtum, Hill. Common thistle. Figs. 253-255. Strong, branching 
biennial: leaves pinnatifid, decurrent, woolly beneath: heads large, purple, 
with all the involucre-scales prickly. Europe. 

C. arvinse, Scop. Canada thistle. Fig. 409. Lower, perennial and a pes- 
tiferous weed: leaves smooth or nearly so beneath: flowers rose-purple, in 
small, imperfectly dioocious heads, only the outer scales prickly. Europe. 

23. Arctium, burdock. 

Coarse biennials or perennials, strong-scented, with large dock-like 
simple leaves: head becoming a bAr with hooked bristles, the florets all 
tubular and perfect; torus bristly; pappus of short, rough, deciduous bristles. 

A. L&ppa, Linn. Burdock. Qommon weed from Europe, with a deep, 
hard root, and bushy top 2-3 ft. high: leaves broad-ovate, 
somewhat woolly beneath, entire or angled. 

24. CENTAUR^A. Star-thistle. Centaurea. 

Alternate-leaved herbs, the following annuals, with single 
heads terminating the long branches: heads many-flowered, 
the florets all tubular but the outer ones usually much larger 





559. Centaurea Cyan us. At the left is an outer or ray floret; then follow three 
detaiis of a disk floret; then follows the fruit. 
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and sterile; scales of involucre overlapping; torus bristly: achenes oblong, 
with bristly or chaffy pappus. Cultivated. 

C. C^anoB, Linn. Corn-flower. Bachelor's button. Figs. 256, 559. Gray 
herb: leaves linear and mostly entire: heads blue, rose or white. Europe. 

C. moschAta, Linn. Sweet suUan. One to 2 ft., smooth: leaves pinnatifid: 
pappus sometimes wanting; heads fragrant, white, rose or yellow; large. Asia. 

25. TUSSILAGO. Coltsfoot. 

Low stemless hairy perennials from rootstocks: scapes simple in early 
spring, scaly-bracted, each bearing a single dandelion-like head: leaves 
radical, appearing later, orbicular-angled or toothed, white-woolly at first: 
ray flowers in several rows, pistillate, fertile; disk flowers tubular, stam- 
inate, sterile; involucre nearly simple, or 1-rowed achenes of ray flowers, 
cylindrical, 5-10-ribbed; pappus abundant, soft, hair-like, white. 

T. F&rf ara, Linn. Yellow heads in very early spring before the leaves^ A 
conmion weed East, found in low, damp places and along cool banks. Europe. 

26. SOLIDAGO. Goldenrod. 

Perennial herbs, with narrow, sessile leaves: heads yellow, rarely whitish, 
few-flowered, usually numerous in the cluster, the ray-florets 1-16 and 
pistillate; scales of involucre close, usually not green and leaf -like; torus 
not chaffy: achene nearly cylindrical, ribbed, with pappus of many soft 
bristles. Of goldenrods there are many species. They are characteristic 
plants of the American autxmin. They are too critical for the beginner. 

27. Inula. Elecampane. 

Large and tall coarse perennial herbs, with large, showy yellow flower- 
heads 2-4 in. diameter, sunflower-like: leaves large, simple, alternate, 
and also radical in clumps: heads contain both perfect tubular, and pistil- 
late ray florets, in one row; receptacle not chaffy: achenes 4-5-ribbed: 
pappus in one row, bristles hair-4ike. 

I. Heldnlum, Linn. Four to 6 ft., rising from a clump of large, ovate, 
dock-like leaves on heavy petioles; stem-leaves sessile or clasping: heads 
solitary, terminal ; involucre bracts ovate, leaf-like, woolly. Weed in damp 
pasture and along roadside. Summer. 

28. Aster. Aster. Fig. 252. 

Perennial herbs, with narrow or broad leaves: heads with several to 
many white, blue or purple rays in a single series, the jay florets fertile; 
scales of involucre overlapping, usually more or less green and leafy; torus 
flat: achene flattened, bearing soft, bristly pappus. Asters are conspicuous 
plants in the autumn flora of the country. The kinds are numerous, and it 
is difficult to draw specific lines. The beginner will find them too critical. 

29. ERIGERON. Fleabane. 

Annual, biennial or perennial erect herbs, with simple, sessile leaves: 
heads few- to many-flowered; rays numerous in several rows and pistillate; 
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scales of involucre narrow and equal, scarcely overlapping, not green-tipped; 
torus flat or convex, naked; pappus of soft bristles. 

a. Rays very inconspicuous. 

£. canadensis, Linn. Horse^weed. Mare's-tail. Fig. 560. Tall, erect, 
weedy, hairy annual, with strong scent: leaves linear and mostly entire or 
the root-leaves lobed: heads small and very numerous in a long panicle, 
the rays very short. 

aa. Rays prominent: common fleabanes. 

E, &nnuu8, Pers. Usually annual, 3-5 ft., with spreading 
hairs: leaves coarsely and sharply toothed, the lowest ovate 
and tapering into a margined petiole: rays numerous, white 
or tinged with purple, not twice the length of the involucre. 

£. ramdsus, BSP. Daisy fleabane. Usually annual, with 
appressed hairs or none: leaves usually entire and narrower: 
rays white and numerous, twice the length of the involucre. 

£. pulch^llus, Michz. Robin's plantain. Perennial leafy- 
stemmed herb, softly hairy, producing stolons or rooting 
branches from the base, the simple stems, from a cluster of 
rather large, roundish, short-petioled, serrate, root-leaves; 
stem-leaves few, entire, sessile and partially clasping: heads 
1-7, on long peduncles; rays numerous,, linear or spatulate, 
purplish or pinkish. April to June. 

30. CALLfSTEPHUS. China Aster. 560. Erigeron 

canadensis. 
Erect, leafy annuals, with large solitary heads bearing 

numerous white, rose or purple rayis: scales in several rows or series, 

usually leafy; torus flat or nearly so, naked; pappus of long and very short 

bristles. 

C. hortinsis, Cass. Common China aster, now one of the commonest of 

garden annuals, in many forms: leaves sessile and coarsely toothed. China. 

31. ANTENNARIA. Eveklasting. 

Perenm'al little herbs with cottony leaves and stems: flowers dioecious, 
in many-flowered small heads, solitary or racemose or clustered (much 
resembling Gnaphalium, but distinguished by the dioecious heads); invo- 
lucre with dry imbricated bracts in several rows, usually woolly-white or 
colored; pappus in a single row, that of the sterile flowers thickened and 
plumed at summit. Several confused species, or forms of one species, mostly 
in open, dry places. 

A. plantaginif dlia. Rich. Mou^e-ear everlasting. Noticeable on dry 
soil and in open places, as white cottony patches: stoloniferous root-leaves 
soft white when young, later green above but hoary beneath, oval to spatu- 
late, petioled, 3- veined: flowering stem simple scape-like, 4—8 in. high, 
bears small, bract-like, appressed leaves, and heads in a small, crowded, 
terminal corymb; scales of involucre whitish. 
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32. AN APHALIS. Everlasting. 

Cottony-white herbs, very similar to the preceding, but pappus not 
thickened at summit, and usually a few perfect but sterile flowers in center 
of the head: stem leafy. Perennial. 

A. margaritAcea, Benth. & Hook. Pearly everlasting. One to 2 ft.: 
heads in corymbs at summit, dioecious, but a few imperfect staminate 
flowers in the center of the fertile heads: leaves sessile, taper-pointed, 
broad-ovate to linear-lanceolate: involucre scale pearly white, rounded. 
Common in dry soil. 

33. GNAPHALIUM. Everlastino. Cudweed. 

Cottony-white herbs, with small head of many whitish flowers, sur- 
rounded by involucre of white or colored scales, in many series: flowers all 
fertile, outer pistillate, central perfect: no chaff on receptacle; pappus a 
row of slender bristles. Common in dry fields. 

G. polyc€phalum, Michx. Common everlasting. Annual, with leaves 
lanceolate, margins wavy, upper surface not very cottony: scales of invo- 
lucre white »or yellowish white, a few perfect flowers in the center of each 
head. 

G. deciirrens, Ives. Biennial or annual, with many perfect flowers in 
center of each head: stem erect, 1-2 ft.: leaves lance-linear, both sides 
cottony, bases partially clasping and running down the stem. 

34. LIATRIS. Blazing Star. Button Snakbroot. 

Perennial herbs, with simple erect stems from tuberous or corm-like 
roots: leaves entire, alternate, rather rigid, sometimes vertical on the stem, 
and resinous-dotted: flowers few to many, in racemed or spicate heads; 
flowers all alike, rose-purple, tubular; corolla 5-lobed, lobes long and 
slender; pappus of many hair-like bristles, plumose or barbed: achene 
slender, tapering to base: involucral bracts in several rows, unequal. 

L. scaridsa, Willd. Stem stout, 2-5 ft. tall: leaves lanceolate, the lower 
long-petioled, the upper more linear and rigid: heads few to many, 30-40- 
flowered, about 1 in broad: scales of involucre numerous, with rounded 
tips, often colored and rather rough on the margins; flowers bright purple. 
Dry soil. 

L. pycnostdchya, Michx. Heads 3-15-flowered: flowers rosy-purple on a 
spike 3-4 ft. high: flowers begin to open at top of the spike and continue 
opening downward: scales with purplish tips. A western species, cultivated; 
very showy. 

36. EUPAXdRIUM. Thprouqhwort. 

Erect perennials, with simple leaves: heads small and rayless, clustered, 
all the florets perfect; scales not leafy; torus flat or low-conical, naked: 
achene S'-angled: pappus a single row of soft bristles. Low grounds. 

E. purpiireum, Linn. Joe Pye weed. Tall, with purplish stem and lan- 
ceolate-toothed leaves in whorls of 3-6: heads flesh-colored, in dense 
corymbs. Swamps, growing 3-10 ft. 
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£. perfoliHtum, Linn. Boneset. Thoroughwort. Fig. 171. Two to 4 ft., 
hairy: leaves opposite and sessile, lanceolate: flowers white, in clusters. 

36. VERNdNIA. Ironweed. 

Coarse perennial herbs, with tall strong leafy stems: leaves alternate 
(seldom opposite), sessile: flowers 15 to many in a head, heads corymbed, 
all tubular, perfect, purple (rarely white or pink); involucre shorter than 
flowers, with several series of scales; receptacle not chaffy; pappus double, 
the inner series bristle-like, the outer of short, small, scale-like bristles: 
achenes cylindrical, several-ribbed. 

V. novaborac^nsis, Willd. A coarse weed, 3-6 ft.: heads about }i in. 
long: bracts of involucre, some or all, with slender long or awned flexuous 
points, brownish purple: leaves many, rough, lanceolate or lance-oblong, 
2-9 in. long, serrulate, sessile, all along stem: flowers deep purple in 
spreading, flat-topped cymes: achenes somewhat hairy. Late summer. 

V. fascicuUta, Michx. Tall, coarse weed, 3-10 feet, with deep purple 
flowers in heads (2()-30-flowered), corymbed; involucre campanulate, 
scales usually obtuse, not awn-like. Sunmier and autumn. 
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Aborted: crowded out, (316). 

Abronia, Fig. 18. 

Abutilon. 372, Figs. 182, 520. 

Acacia, leaf, 108. Fig. 163. 

Acceasoiy buds: more than one in an axil. 

(88). 
Accessory fruit: other parts grown to the 

pericarp, (311), 161. 
Acclimatisation: adaptation to a climate 

at first injurious, (367). 
Acer, 376, Figs. 523-526. 
Acetic acid, 271. 
Achene: dry, indehiscent, one-seeded 

pericarp, (313). 
Achillea. 437. 
Acorn, 155, 178. 
Acorus, 328. 
Actsea, 359. 

Acuminate: taper-pointed, (211). 
Acute: sharp-pointed, (211). 
Adder's-tongue, 331; fern. 198. Fig. 368. 
Adiantum, 323. 
Adventitious buds: those appearing on 

occasion, (54, 124). 
^cidia, 191. ^cidiospore, 191. 
Afirial roots, 10, Figs. 12-14. 
^sculus, 377. 
Ageratum, 437. 

Aggregate fruit: one formed by the co- 
herence of pistils that were distinct 

in the flower, (321). 
Agrimonia, 387. 
Agrimony. 169, 387. 
Ailanthus, leaf-scars, 37, Figs. 57; seeds, 

168. 
Air-plants, 11. 
Alcanin, 273. 
Alder, 345. 

Aleurone grains, 275, Fig. 445. 
Alfalfa, 3, 7, V9, 94, 137, 172, 251, 383, 

Figs. 21, 246, 529; nodules on root, 78. 
AlgsB, 181, 183, 185, 201, 207, 263, 266. 
Alkaloids, 271. 

Almond, 61, 251, 271; bud, 39. Fig. 68. 
Alnus, 345. 
Alpine plants, 229. 
Alsike clover, 382. 
Alternate leaves, 47. 
Alternation of generations, 182, 201. 
Althea, 148, 372, 373. 
Alyssum, 160, 367, 368, Fig. 519. 



Amaranth, 170, Fig. 411. 

Amaryllidacese, 335. 

Ambrosia, 436, Figs. 416, 556. 

Amelanchier, 391. 

Amoeba, 266. Amoeboid, 266. 

Ampelopsis, leaves of, 100, Fig. 155. 

Amphibious, 208. 

Amylo-dextrine, 275. Amylose, 271. 

Anacharis, 85, Fig. 439. 

Analogy: related in function or use, (223) ■ 

Anaphalis, 444. 

Anemone, 356; fruit, 156. 

Anemonella, 357. 

Angelica, 398. 

AngiosperniB, 327. 

Aniline for staining, 73. 

Annual: of one season's duration, (10). 

Annular, 267. 

Antennaria, 443. 

Anthemis, 437, Fig. 417. 

Anther: pollen-bearing part of the star 
men, (270). 

Antheridia, 181, 187. Antheridiophore, 
194. 

Anthodium: flower-head of the Com- 
posit8e,.(251). 

Antirrhinum, 406. 

Antitropic: against the sun, (243). 

Apetalous: petals missing, (273, 290). 

Aphyllon, 90, Fig. 131. 

Apical; at the apex or top, (317). 

Apios, 385. 

Apium, 399. 

ApocynacesB, 418. 

Apparatus, 301. 

Apple, 20, 32, 68. 251, 254, 391; acid, 271; 
bud, 36, 39, 40, Fig. 71; bud-variation, 
238; cells, 263, 265; foliage. 65; fruit, 
162, Fig. 295; inflorescence, 123, Fig. 
294; leaf, 83; leaf-scar, 37; pear-graft, 
28; phyllotaxy, 48, Fig. 84; pruning. 
Figs. 102, 104; thorns, 108; tree, 14, 

64, 93, 220, Fig. 17. 

Apricot, 251, 366; bud, 37, 39, 41, Figf 

65, 68; fruit, 161. 
Aquatic, 207; society. Fig. 401. 
Aquilegia, 358, Fig. 517. 
Arabis, 388, Fig. 536. 
Aracese, 327. . 
Arboriculture, 257. 

Arborvitffi. 326, Figs. 404, 405, 485. 
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ArbutuB, trailing, 425. 
Arohegoniophore, 194. Arohegonium, 

181. 
Arctium, 441. 
Arismna, 327. 
Aristoloohiaoen, 348. 
Arrow-root, starch, 274, 275. 
Arrowwood, 429. 
Artichoke, Jenualem, 439. 
Arum, family, 149, 327; water, 328. 
Asarum, 349. 
Ascending stems, 14. 
AsolepiadacesB, 417. Asolepias, 283, 418. 
Asous, 190. 
Ash, 421; branching, 56, Fig. 92; fruit, 

156; leaf. Fig. 141; moimtain, 391; 

phyllotazy, 48; seeds, 168. 
Ash in plants, 77. 
Asparagus, 3, 285, 289, 333, Figs. 457, 

458; leaves, 107, Figs. 159-162. 
Aspen (poplar), expression in, 66. 
Aspidium, 289, 323, 324, Figs. 331, 332, 

480. 
Asplenium, 323. 
Assimilation: making of protoplasm, 

(185, 186). 
Aster, 233, 442; China, 443; inflorescence, 

120, 150. 151; wild, 252, Fig. 146. 
Atropin, 271. 
Auricula, 422. 
Autumn leaves, 233. 
Avens, 386. 
Axil: upper angle which a petiole or 

peduncle makes with the stem which 

bears it, (87). 
AzUlaiy, 119, Fig. 201. 
Asalea, 425; anther, 135, Fig. 220. 

Bachelor's button, 151, 442, Figs. 256, 

559. 
Bacterium (pi. bacteria), 91, 263, 278, 

Fig. 136. 
Ballast plants, 170. 
Balloon-vine, 376. 
Balsam, 33, 166, 286; garden, 375; for 

mounting sections, 303. 
Bamboo, forest. Fig. 437. 
Baneberry, 359. 
Banyan, 11, 20, Fig. 15. 
Baptisia, 383. 
Barberry, 360; anther, 135, Fig. 221; 

family, 360; rust, 191, 192, Figs. 355, 

356; spines, 109, Fig. 168. 
Bark, 293; forms of, 65. 
Barley, 152, 250, Fig. 261; germination, 

173. 
Basal: at the base or bottom, (317). 
Basidium, 191. 
Basswood, 37, 292; phyllotaxy, 48, Fig. 

464. 
Bast, 280, 281, Fig. 45a 



Bean, castor, 4. 171, 175. 178,271,273,352, 

Figs. 313-316; conmion, 3, 7, 166, 250, 

384, Figs. 2, 530; germination, 171, 

173, 174, 178, Figs. 308-312, 322; 

legume, 157; Linut, 175, 384, Fig. 531; 

scarlet runner, 174, 178, 384; sleep of, 

49; twiner, 115, 116. 
Beard-tongue, 406. 
Bedstraw, 112, 426. 
Bee balm, 400. 
Beech, 64, 67, 343; drop, 90; European, 

98; fruit, 155; leaf. Fig. 151; monce- 

cious, 138. 
Beefsteak geranium. Fig. 41. 
Beet, 7, 33, 250, 251; cells, 265; starch in, 

31; sugar-, 251, 273. 
Beggar's ticks, 440, Fig. 558. 
Begonia, cells, 265; cuttings, 21, 27, Fig. 

41; leaf, 298, Fig. 144; stomates, 301, 

Fig. 473. 
Belladonna, 271. 
Bell-flower, 430; family, 430. 
Bellis, 439. 
Bellwort, 332. 
Berberidaces, 360. 

Berry: pulpy, indehisoent, few- or many- 
seeded fruit, (319). 
Betula, 344. 
Bi-collateral, 288. 
Bi-compound, 96. 
Bidens, 440, Figs. 418, 558. 
Biennial: of two seasons' duration, (10). 
BUberry, 424. 
Bindweed, 244, 412. 
Birch, 231. 344. 
Birthroot, 333. 
Birthwort, family, 348. 
Bishop's cap, 394. 
Bitter-cress, 367. 
Bittersweet, 248, 409, Fig. 424; cUmbing, 

112; false, twiner, 115, Fig. 179. 
Blackberry, 20, 251, 390; cuttings, 23; 

fruit, 160, 161; pruning, 61; and birds, 

168. 
Black-eyed Susan, 438, Fig. 557. 
Black haw. Fig. 305. 
Bladder-nut, 378. 
Bladder-wort, 71, 207. 
Blade: expanded part of leaf or petal, 

(206). 
Biasing star, 444. 
Bleeding of plants, 73. 
Bleeding-heart, 3, 364. 
Blight, 92. Blight-canker, 92. 
Bloodroot, 363. 
Blueberry, 424. 
Blue-eyed grass, 338. 
Blue-eyed Mary, 406. 
Blue-grass, 246. 
Bluets, 427. 
Bole: trunk, (140). 
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Boneaet, 445, Fig. 138; bracts, 171. 

Borage family, 412. 

Boreal plants, 229. 

BorraginacesB, 412. 

Boston ivy, leaves, 100, Fig. 155; tendril, 

113. 
Bougainvillea, 110. 
Bouncing Bet. 354; fruit. Fig. 282. 
Box, leaf, Fig. 149. 
Box-elder. 376; phyllotaxy, 47. 48, Fig. 

84. 
Bracts: much reduced leaves. (231). 
Brake, 180. 267. 323, Figs. 139, 335, 456 
Brantble, 389. 

Branched stem, 15, Fig. 21. 
Brassica. 365, Fig. 518. 
Briars, climbing, 112; prickles. 109. 
Bridal wreath. 121, 392. Fig. 193. 
Bristles, 109. 

Bryophyllum, leaf cuttings, 21. 
Biyophyte. 183. 
Buckeye, 377. 
Buckwheat. 76. 251. 350. Fig. 513i family. 

349; flower. 130; fruit. 156; pollination, 

139. 
Bud, Fig. 165; dormant. 54; propagation 

by. 21; resting. 36; nscales, 111; -scars, 

old, 54, Fig. 91; struggle for existence. 

52; winter, 21, 36, 61; and light, 50; 

-variations, 237. 
Bulb: thickened part, made up of scales 

or plates, (80); phyllotaxy, 48; scales, 

111. 
Bulbel: bulb arising from a mother bulb, 

(81). 
Bulblet: aSrial bulb. 21. (81). 
Burdock, 7. 67. 169, 242. 243. 441. Fig. 

306. 
Burning bush, 294. 
Bur-marigold, 440, Fig. 558. 
Burs, 169. 
Bur-seed, 413. 

Burst of spring, 40, Fig. 72. 
Bushes: low and thick shrubs, (15). 
Butter-and-eggs, 137. 145. 405, Figs. 227. 

544. 
Buttercup. 3. 208, 233. 357; achene, 156, 

Fig. 268; family, 355; flower, Figs. 

202, 203; pistil, 130, Fig. 207 
Butterfly weed, 418. 
Butternut buds, 37. 
Button-bush. 427. 
Button snakeroot, 444. 
ButtonWood. 294. 
Buttresses, bracing, 9, Fig. 10. 

Cabbage, 12, 16, 251; fruit, 160; head, 

37, 38, Fig. 59; water pores. 299. 
Cacti. Kg. 371. 
Caffein, 271. 
Calamus, 328. 

CC 



Calcium. 76; oxalate. 271, 275. 

Calendula. 438.' 

Calla, 328, Figs. 486, 487; inflorescence, 
150; lily. 328, Fig. 486. 

Calliopsis. 440. 

Callistephus, 443. 

Callus, 62. 

Caltha, 358. 

Calypogon. 342. 

Calyptra. 197. 

Calyx: outer circle of floral envelopes, 
(265); lobes, (266). 

Cambium: the growing or nascent tissue 
lying between the xylem and phloem 
of the fibro-vascular bundle (481), and 
therefore on the outside of the woody 
trunk, since the active fibro-vascular 
bimdles are in the young outer tissues 
(72), 62. 

Campanula, 430; capsule, Fig. 283. 

Campanulaces, 430. 

Campion. 354. 

Canada thistle, 19, 22, 242, 244, Fig. 
409. 

Candytuft. 368. Fig. 192. 

Canker. 92. 

Canna. 18. Fig. 29. 

Cannabis. 348. 

Canterbury bell, 430. 

Caoutchouc. 271. 

Caprif oliacese. .427. 

Capsella. 368. 

Capsicum, 410, Fig. 547. 

Capsule: compound pod, (316). 

Caraway, 399. 

Carbohydrate. 85. 

Carbon. 7ft. 82; dioxid. 77. 82. 

Cardamine, 367. 

Cardinal-flower, 431. 

Cardiospermum, 376. 

Carnation, 254. 255. 353; cutting, 25, 
Figs. 34. 36. 

Carpel: a simple pistil; one of the units 
of a compound pistil, (271). 

Carrot. 3. 33, 242, 243, 398, Fig. 410; 
umbel, 121, 122. Fig. 194. 

Carum. 399. 

Caryophyllaceae, 353. 

Cassia, 385; flower, 146, Fig. 247. 

Castalia, 361. 

Castanea, 343. 

Castilleja, 407. 

Castor bean, 4. 271, 273, 352; germina- 
tion, 171. 175. 178. Figs. 313-316. 

Castor-oil, 273; inclusions. 275, ^76; 
plant, 352. 

Catalpa, pods, 160, Fig. 284; seeds. 168, 
Fig. 301. 

Catchfly, 354. 

Catkin: scaly-bracted deciduous spike 
with dedinous flowers, (252). 
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Catmint, 403. 

Catnip, 131. 243, 403, Fifes. 213, 414. 

Cat-tail. 3; seeds, 168, Fig. 304; stems, 
285; swamp, 232. 

Caulicle: stemlet of the embryo, (332). 

Cedar. 326. 327. Fig. 485; and light. Fig. 
76; fruit, 164; and birds, 168; apple, 
192. 

Celandine, 265, 363. 

Celastrus, twiner, 115. 

Celery, 249. 399; cell, 265. 

Cell, 263; multiplication, 268, Figs. 442, 
443; -sap, 72, 76, 265; -wall, 88, 264, 
266, Fig. 267. 

Cellulose, 266, 271. 

Celtis, 347. 

Centaurea, 441, Fig. 559. 

Centrifugal: away from the center, (258), 
Fig. 199. 

Centripetal: toward the center, (258), 
Figs. 197, 198. 

Cephalanthus, 427. 

Cerastium, 355. 

Cercis, 351. 

Chamberlain, quoted, 303. 

Chamomile, 437. 

Chara, 266. 

Charcoal, 82. 

Charlock, 243, 366. 368, Fig. 413. 

Cheat, Fig. 412. 

Checkerberry, 424. 

Cheeses, 147, 148, 244, 372. Fig. 248. 

Chelone, 406. 

Chenopodium. Fig. 408. 

Cherry, 20, 251, 387, 388, Fig. 539; fruit, 
161; inflorescence, 123; phyllotazy, 48; 
and birds, 168. 

Chess, 242, Fig. 412. 

Chestnut, 343; fruit, 155. Fig. 267; monoe- 
cious. 138; -oak graft, 28. 

Chickweed, 242, 355. Fig. 516; mouse- 
ear. 355. 

Chicory, 436. . 

Chinese sacred lily, 336, Fig. 494. 

Chionanthus, 421. 

Chlorin, 76, 82. 

Chlorophyll, 83, 270. 

Chloroplast, 264. 

Choke cherry, 389. 

ChoripetalsB, 3^i2. 

Chromosome, 268. 

Chrysanthemimi, 150, 151, 153, 438. 

Cichorium, 435. 

Cider, acid, 271. 

Cilia, 186, 266. 

Cinchona, 271. 

Cinquefoil, 386. 

Cionr the bud or branch used in grafting, 
(70). 

Circna, 397. 

Cirsium, 441. 



Citric acid, 271. 

Cladophyllum: leaf-like branch, (225). 

Clasping: leaf partly or wholly surround- 
ing stem, (207). 

Claytonia, 371. 

Cleavers, 426. 

Cleft, 96. Cleft-graft, 29. 

Cleistogamous flowers: small dosed self- 
fertilized flowers, (286). 

Clematis, 155, 287, 359; and light. Fig. 
77; tendril, 115, Fig. 178. 

Climate, and plants, 212; and variation, 
238. 

Climbing, plants. 112; plants and light, 
43; stems. 14. 

Close fertilization: secured by pollen 
from same flower; self-fertilization, 
(278). 

Close-pollination, 134. 

Clotbur, 169, 230, 436, Fig. 555. 

Clover, 4, 7, 68, 221, 249. 251. 382, Figs. 
187, 527; bracts, 110, Fig. 173; chloro- 
phyll, 83; inflorescence, 120; roots, 
nodules on, 78; sleep of, 49, Fig. 85; 
pollination, 137. 

Cobea, 115. 

Cockle, 242, 354. 

Coco-grass, 244. 

Coffee, 135, Fig. 201; tree, 100. 

Cohosh, anther, 271. 

Coleus, 75, 287; chlorophyll, 84; cuttings, 
23, 25, 26; cells, 265; starch in, 86. 

Collateral, 288. 

Collection, making a, 279. 

Collenchyma, 280. 

CoUinsia, 406. 

Collodion, 303, Fig. 476. 

Colonies. 230. 

Color of foliage, 233. 

Coltsfoot, 442. 

Columbine, 358, Fig. 517; fruit, 157. 

Columella. 188. 

Column: body formed of union of sta- 
mens and pistil in orchids. (300). 

Columnar trees, 64, Fig. 112. 

Commelina, 334. Commelinacese. 334. 

Companion cells. 280. 

Compass plant, 50. 297. 

Complete flower: all parts present, (273). 

Complete leaf: having blade, petiole, 
stipules. (206). Fig. 145. 

Compositse, 150, 431. 

Compositous flowers, 150. 

Compound leaves, 95. 

Compound pistil: of more than one car- 
pel united, (271) 

Concentric, 288. 

Cone-flower, 438. 

Conical trees. 64. 

Coniferae, 271, 324. 

Conjugation, 186. 



INDIBX AND 6L08SABT 



451 



Connate. 97. Fig. 148. 

Convallaria, 334. 

Conv(^vulaoe8B, 411. 

Convolvulus, 412; family, 411. 

Coral root. 90. 93. Fig. 132. 

Corallorhiaa, Fig. 132. 

Cordate: heart-shaped. (211). 

Coreopsis. 440. 

Cork oak. 294. 

Corm: a solid bulb-like part. (82). 

Cormel: a corm arising from a mother 
corm, (82). 

Cormlet: a§rial corm, (82). 

Com, 8, 11, 139, 212, 213, 250, 264, 271. 
279, 285, Figs. 14, 230, 231, 427, 448, 
452. 454; ash in. 77; broom, 139. 250, 
Figs. 233, 429; field, 221, 227, Fig. 385; 
germination, 133, 134, 135, 171, 173, 
175, 178, Figs. 317-321, 378; monoe- 
cious, 139, Fig. 230; North and South. 
212. Fig. 378; phyllotaxy, 48; roots, 7, 
296; stalk, 17; starch, 274, 275; stems. 
267; stomates. 301; syrup. 272; trans- 
piration in. 81 ; water in, 76; wilting. 81 ; 
as weed, 241. 

Corn-cockle. Fig. 181. 

Corn-flower, 442; flowers. 151. Figs. 256. 
559. 

Corolla: inner circle of floral envelopes. 
(265). 

Corpse plant. 425. 

Corydalis, 364. 

Corymb: short and broad, more or less 
flat-topped, indeterminate cluster, (254 ). 
Figs. 192. 193. 197. 

Corsrmbose inflorescence: outer flowers 
opening first; indeterminate. (248). 

Cosmos, 437. 

Cotton, 67, 147, 148, 249, 251, 271, Fig. 
115; fibers, 263. 

Cotyledon: seed-leaf. (332). 

Couch-grass, Fig. 27. 

Cowpea, 251, 384. Figs. 273. 532; nodules 
on root, 78. 

Cowslip, 358. 422. 

Crab-apple, 391. 

Cranberry, 424; high-bush, 429. 

Cranesbill, 373. 

Crateegus, 392. 

Creeper: a trailing shoot which takes 
root throughout its length, (56). 

Creeping stems, 14, Fig. 18. 

Crenate: shallowly round-toothed, (212). 

Cress, fruit, 160; winter, 366. 

Crinkle-root, 367. 

Crocus, 4, 34, 35. 338, Figs. 52, 53, 497. 

Crops, 249. 

Cross-fertilisation: secured by pollen 
from another flower, (278). 

CroM-poUination: transfer of pollen from 
flower to flower^ (278). 



Crowfoot, 357; family, 355. 

Crown: that part of the stem at the sur^ 

face of the ground, (37); -tuber. 32, 

Fig. 47. 
Cruciferw. 160. 365. 
'Cryptogam: flowerless plant, as fern, 

mofls. fungus, 185. 321. (353). 
Crystals, 275. Crystaloids, 275. ^ 

Cucumber, 251, 287; collenchyma. 280; 

fruit, 162; {Mts. 267; root-pressure, 74; 

squirting, 167. 280; tendrils, 114. 
Cudweed, 444. 
Cupulifers, 342. 
Currant, 395, Figs. 540-542; bud. Fig. 

58; cuttings, 23, 26, Fig. 40; fruit, 160; 

stem, 294, Fig. 465. 
Cuscuta, 412, Fig. 553. 
Cutting: severed piece of a plant designed 

to propagate the plant, (51), (61). 

Figs. 29. 33-41; hardwood. 26; soft- 
wood, 23. 
Cutting-bed. 25. Fig. 36. 
Cutting-box, 25, 29. 
Cutting sections, 303. 
Cycas, 301. 
Cyclamen, 265. 423. 
Cycioloma, 170. 
Cyclone plant, 170. 
Cydonia, 391. 
Cyme: broad, more or less flat-tqpped, 

determinate duster. (257), Figs. 196, 

199. 
Cymose inflorescence: central flowers 

opening first; determinate. (256). Fig. 

195. 
Cynoglossum. 413. 
Cypress, swamp. Fig. 435; vine. 411. Fig. 

551. 
Csrpripedium, 340. 
Cystolith. 276. 
Cytoplasm. 263. 

Daffodil. 336. 

Dahlia. 33. 271. 437; double, 151, 153, 

Fig. 257, 258. 
Daisy, 242, 244, 439; flowers, 150; ox-eye, 

438, Fig. 189; rays, 143; English, scape, 

125, Fig. 200. 
Dalibarda, 140. 
Dandelion, 3, 7, 13. 241. 242. 246. 434, 

Figs. 8, 275; flowers. 150; rays, 151; 

scape, 125; seeds, 168. Fig. 302; tissue, 

283. 
Darwin, quoted, 221, 240. 
Darwinism, 240. 
Date, seed, 271. 
Datura, 410, Fig. 275. 
Daucus, 398. 
Day flower, 834. 

Day-lily, 331, 332, Figs. 279, 491. 493. 
Deciduous: falling, (216). 
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Decompound, 00. 

Decumbent stems, 14. 

Decurrent: running down the stem, (207), 
Fig. 147. 

Dehiscence: opening of seed-pod or an- 
ther, (279), (312), 169. 

Deliquescent: trunk or leader lost in the 
branches, (40), Fig. 17. 

Delphinium, 359. 

Dentaria, 366; pdd, 155, Fig. 266. 

Dentate: sharp-toothed, (212). 

Dependent plants, 90. 

Dermatogen, 279. 

Desert vegetation. Fig. 371. 

Determinate: definite cessation of growth 
at the apex, (256), Fig. 195. 

Deutsia, 61, 394. 

Devil's paint-brush, 436. 

Dewberry, 20, 390, Figs, 30, 170; fruit, 
161. 

Dextrin, 271. 

Diadelphous: in two groups, (297). 

Dianthus, 353, Fig. 515. 

Dicentra, 364. 

Dichogamy: stamens and pistils matur- 
ing at different times, (280). 

Diclinous: imperfect; having either sta- 
mens or pistils, (274). 

Dicotyledons, 342. 

Diervilla, 429. 

Digestion: changing of starchy materials 
into soluble and transportable forms, 
(183). 

Digitalis, 407. 

Digitate. 96, Figs. 140, 142, 144. 

Dioecious: staminate and pistillate flow- 
ers on different plants,. (284). 

Dispersal of seeds, 166. 

Dissecting apparatus, 132, Figs. 215-217. 

Divergence of character, 221. 

Divided. 96. 

Dock, 3. 242, 243, 244, 350. 

Dockmackie, 429. 

Dodder, 91. 94, 116, 412. Fig. 553. 

Dodecatheon, 422. 

Dogbane, 419; family, 418. 

Dog's-tooth violet, 330, Fig. 490. 

Dogwood, bracts, 110; osier. Fig. 5; tree, 
Fig. 383. 

Dormant buds, 54, Fig. 91. 

Double flowers, 153. 

Dragon-root, 327. 

Dragon's head, false, inflorescence, Fig. 
185. 

Drupe: fleshy one-seeded indehiscent 
fruit; stone fruit, (320). 

Drupelet: one drupe in a fruit made up 
of aggregate drupes, (321). 

Dryopteris, 179, 324, Figs. 331, 332. 

Ducts, 263. 

Dusty miller, 354. 



Dutch case-knife bean, 178. 
Dutchman's breeches, 364. 
Dutchman's pipe, 116, 349; family, 348. 
Dwarf plants, 212. 

Earth parasites, 2. 
Echinospermum, 382. 
Echium, 415. 

Ecology: habits and modes of life of ani- 
mals and plants, (397). 
Egg-cell, 133, 187. 
Eggplant, 160. 410, Fig. 288. 
Eglantine, 390. 
Elaboration, food, 82. 
Elater, 196. 
Elder, 4, 125, 282, 429; box, 47, Fig. 84; 

pith, 263; poison. Fig. 422. 
Elecampane, 442. 
Elliptic, 98, Fig. 151. 
Elm, 14, 64, 218, 222, 287, 346, Figs. 

507-509; flower, 130, 143; foliage, 65; 

fruit, 156; germination, 178; phyllo- 

taxy, 47, 48, Fig. 84; seed, 168; shoot. 

history, 57, 58, Figs. 96-100; trunk of. 

65. 
Elodea, 85, 265, 266, Fig. 439. 
Embryo: the plantlet in the seed, (332). 
Embryology, 106. 
Emersed, 207. 
Emetin, 271. 

Enchanter's nightshade, 397. 
Endodermis, 279. 
Endogenous stems, 285. 
Endosperm: food in the seed outside the 

embryo, (333). 
Entire: margin not indented, (212). 
Environment: surroundings; conditions 

in which organisms grow, (354), 212. 
Ensjrmes, 87, 277. 
Eosin for staining, 73. 
Epicotyl: that part of the caulicle lying 

above the cotyledons, (340). 
Epidermal tissue, 279. 283. 
Epidermis of leaf, 297. 
Epigffia, 425. 
Epigeal: cotyledons rising into the air 

in germination, (339). 
Epigynous: borne on the ovary, (307). 
Epilobium, 397. 
Epipactis, 341. 
Epiphyte, 11, 93. 
Equisetacese, 199. Equisetum, 199, 202, 

Fig. 369. 
Erect stems, 14. 
Ericacese, 423. 
Erigenia, 399. 
Erigeron, 442, Fig. 560. 
Erythronium, 330, Fig. 490. 
Eschscholtzia, 362. 
Essential organs: stamens and pistils, 

(269). 
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Eupatorium, 444, Fig. 138. 

Euphorbia, 273, 275, 352. 

Euphorbiacese, 351. 

Eutropic: in the direction of the sun's 
course, (243), Fig. 179. 

Evening primrose, 3, 243, 396, Figs. 276, 
415. 

Evergreen: remaining green, (216). 

Everlasting, 443. 

Evolution, 240. 

Ezcurrent: the trunk or leader contin- 
ued through the top, (39), Fig. 19. 

Exogenous stems, 286. 

Ezosmosis, 73. 

Explosive fruits, 166. 

Exposure, 215. 

Expression in plants, 65. ' 

Fagopyrum, 350, Fig. 613. 
' Fagus, 343. 
Fall of leaf, 97, 299. 
False annual: perennial by means of bulbs, 

qorms, or tubers, (13). 
Farm forestry, 258. 
Fastigiate trees, 64, Fig. 112. 
Fats, 271, 273. 
Fehling's solution, 272. 
Fern, 18, 183, 205, 209, 224, 321, Fig. 479; 

Christmas, 179, 323. Figs. 331, 332; 

cinnamon, 322, Fig. 479; flowering. 322; 

lady, 323; maidenhair, 180. Fig. 336; 

marsh shield, 324; ostrich, 323; poly- 

pode, 180, Figs. 333, 334; royal, 322; 

sensitive, 322, 323, Fig. 337; shield, 324; 

fronds, 179; in good and poor light, 42, 

Figs. 73, 74; discussed. 179, 198, 202; 

prothallus, 180, Fig. 339. 
Fertilization: impregnation of the ovule, 

(276). 
Fertilizer, 77. 
Fibrous tissue, 281. 
Fibro-vascular bundles, 283. 
Ficus elastica, 277, Fig. 447. 
Field crop. 249. 
Fig. climbing. Fig. 78. 
Figwort, 406; family, 404. 
Filament: stalk part of the stamen, (270). 
Filices, 321. 
Film, moisture, 75. 
Fir, 64. 

Fire-blight, 92. 
Fireweed, 230; purple, 397. 
Five-finger, 386. 

Flag, 338 ; garden, 299, Fig. 496 ; sweet, 328. 
Flagella. 266. 
Flax, 249, 250, 251, 271. 
Fleabane, 442. 
Fleur-de-lis, 338. 
Flora: plant population of a country or 

plaoe; also a book describing this popu- 
lation, (355). 



Floral envelopes, 127. 

Florets: individual flowers of oompositet 

and grasses, (303), Figs. 255-258. 
Floriculture, 250. 
Flower, parts of, 127; -branches, 118; 

-bud, 39; -cluster, 118; -stem, 125. 
Foliage, 2, 65, 95. 
Follicle: dry, dehiscent pericarp opening 

on the front suture, (314). 
Food elaboration, 82. 
Food, reservoirs, 31 ; supply and variatioo, 

238. 
Forest. 256, Figs. 387-394, 398. 
Forget-me-not, 414. 
Formalin, 303. Formic acid, 271.. 
Forms of plants, 64. 
Forsythia, 61, 420. 
Foul-gas, 83. 
Foxglove, 407. 

Fragaria, 387, Figs. 533, 534. 
Framework, 2, 67, Figs. 3, 4. 
Fraxinus, 421. 
Freesia, 339, Fig. 498. 
Free-swimming, 207. 
Fringe-tree, 421. 
Frog spittle, 185. 
Frond: leaf of fern, (345). 
Fruit-bud, 39, Figs. 61, 62, 70, 71. 
Fruits, 155. 
Fuchsia, 17, 397; and light, 43; bracts. 

Fig. 172; cuttings, 25, 26; flower, 128; 

Fig. 205; inflorescence, 119, Fig. 183; 

phyllotaxy, 48; water-pores, 299. 
FumariacesB, 363. 
Fumitory, 364. 
Function of leaves, 95. 
Function: what a plant or a part does; 

its vital activities. 
Fundamental tissue, 283. 
Fungi, 91, 183, 187. 201, 263, 266, Figs. 

135, 137. 
Funiculus, 171. 
Fiinkia. 332, Figs. 491, 492. 
Funnelform, 144, Fig. 240. 

Galanthus, 336, Fig. 495. 

Galium, 426; climbing, 112. 

Gall, 92. 

Gametophsrte, 181, 201. 

Gamopetalffi, 400. 

Gamopetalus: corolla of one piece, (267), 

Fig. 204. 
Gamosepalous: calyx of one piece, (267), 

Fig. 204. 
Gaultheria, 424. 
Gaylussacia, 424. 
Gemmee, 194. 
Generation: period from birth to death, 

(8). 
Gentian, 417; family, 417. Gentianaoes, 

417. 
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Geraniaoe®, 373. 

Geranium, 17, 287, 298, 301, 373. Figs. 

470, 472; chlorophyll, 83; cuttings. 23, 

25, 26, Figs. 33, 38, 39; family, 373; 

inflorescence, Fig. 195; and light, 43; 

starch in, 86. 
Germander, 402. 
Germination, 70, 171, 172. 
Geum, 386. 
Gherkin. 251. 
Gilliflower, 366. 
Gill-over-the-ground, 403. 
Ginger, 18. 
Ginger, wild, 99, 349. 
Glabrous: not hairy. 
Gladiolus, 34, 35, 339, Figs. 54, 499. 
Glandular, 298. 
Glaucous: covered with a "bloom" or a 

whitish substance. 
Gleditschia, 381. 
Globe-flower. 390. 
Globoid inclusions, 275. 
Glomerule: dense head-like cyme, (257). 
Gloxinia, leaf-cuttings, 21. 
Glucose, 85, 271. 272. 
Glucoside, 271. 
Glume, 152. 
Gnaphalium, 444. 
Goat's-beard, 434. 
Golden bell, 61. 

Goldenrod, 3, 150, 232, 233, 442. 
Goober. 141, 251. 
Gooseberry, 160, 395. 
Goose-grass, 426. 
Gourd, 251; coUenchyma, 280. 
Graft: a branch or bud made to grow 

on another plant, 27, (60), Figs. 32, 

42-44. 
Grafting-wax, 29. 
Grape. 282; cane. Fig. 460; crystals, 275, 

276; cuttings, 23, 26; fruit, 160. Fig. 

176; hyacinth, 331; leaves. 100; root. 

Fig. 467; sugar, 272; tendrils, 114, 117, 

Fig. 176; sap-prei98ure, 74; sympode. 

Fig. 180. 
• Grass, 17, 231, 232, 249; flowers, 151 j 

blue-eyed, 338; leaf. Fig. 150; family, 

152; pink, 342. 
Grasses, 285; leaves of, 98, 102; phyllo- 

taxy. 49; pollination, 138; roots of, 7; 

starch, 274. 
Grass of Parnassus, 394. 
Gratiola, 407. 
Greek valerian, 417. 
Greenbrier, tendril, 115; stem, 285. 
Gromwell, 414. 
Ground cherry, 409. 
Ground ivy, 403. 
Ground-nut, 385. 
Guinea squash, 410. 
Gum-resin. 271. 273. 



Gjrmnosperm: seed naked (not in an 
ovary); applied to pines, spruces, etc.. 
(326), 324. 

Habenaria, 341. 

HalHtat: particular place in which a plant 

grows. (355). 
Habit: the looks, appearance, general 

style of growth, (36). 
Hackberry, 347. 
Hair-grass, 170. 
Hairs, 298. 

Halophytic societies, 228. 
Harbinger of spring, 399. 
Hardback, 392. 
Hardwood cutting, 26. 
Harebell, 430. 
Haustoria, 91, Fig. 137. 
Hawkweed, 244, 436. 
Hawthorn. 108, 392; -pear graft. 27. 
Hazel, 138. 

Head of tree, form of, 65. 
Head: short, dense spike, (251), Figs. 

187, 188. 197. 
Heart-seed, 376. 
Heart's-ease, 369. 
Heath, 93; family, 423. 
Hedeoma, 401. 

Hederalielix, 277, 287. 300. Fig. 468. 
Hedge hyssop, 407. 
Helianthus. 439. 

Heliotrope. 413. Heliotropium, 413. 
HeHotropism: turning toward the light, 

(101). 
Hematoxylin. 266. 303. 
Hemerocallis, 331. 
Hemlock. 213, 271, Fig. 484; poison. 247; 

water, 247. 
Hemp, 249. 251. 348. 
Henna root, 273. 
Hepatica, 156. 233, 356. 
Herb. 3. 
Herbaceous: not woody, (11); perennial. 

3. 
Herbarium, 311, Fig. 478. 
Herb Robert. 374. 
Herbicides, 246. 
Heredity, 239. 
Hetercecism, 192. 
Hibiscus. 62, Fig. 152. 
Hickory, 50, 155; bud, 39, 111. Figs. 63. 

64, 87; inflorescence, 121; leaf-soars, 37; 

monoecious, 138. 
Hieracinm, 436. 
Hilum, or seed-scar, 171. 
Hip: fruit of the rose, (323), Fig. 292. 
Hobblebush, 429. 
Hog-peanut, 140, Fig. 238. 
Hollyhock, 4, 372; flower, 136, 147. 

148, 153. Figs. 222, 223. 263; cells, 

265. 
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Holly, phyIlotazy» 48; tree, Fig. 330; 
stomates, 299. 

Honesty fruit, 160. 

Honey locust, 381; buds, 37; leaf, 100; 
thorns, 108; tree, Fig. 117. 

Honeysuckle, 62, 428, Fig. 554; buds, 37; 
family, 427; leaves. Fig. J 48; phyllo- 
taxy, 48; swamp, 425; Tartarian, 37, 
53; twiner, 115. 

Hop. 115, 116, 251, 348, Fig. 179. 

Hop clover, 383. 

Horehound, 403. 

Horse-chestnut, 377; bud, 36, 111; fruit. 
Fig. 277; germination, 178; inflores- 
cence, 123; leaf, 99; leafnscar, 37. 

Horse-mint, 400. 

Horse-radish, 367. 

Horsetails, 199, Fig. 369. 

Horse-weed, 443, Fig. 560. 

Horticultural crop, 249. 

Host, 78, 91. 

Hound's tongue, 169, 243, 413. 

House-leek, 20; phyllotaxy, 48. 

Houstonia, 427. 

Huckleberry, 424; anther, 135. 

Humulus, 348. 

Humus, 2^10. 

Hyacinth, 35, 331; crystals, 276; grape, 
331; inflorescence. Fig. 186; scape, 125. 

Hydrangea, 62, 125, 131, 394; doubling, 
153. 

Hydrogen, 76, 82. 

HydrophyllacesB, 415. 

Hydrophjrtic society, 228, Fig. 395. 

Hypericacese, 370. 

Hjrpericum, 371. 

Hyphtt, 9^, 188. 

Hsrpocotyl: that part of the cauliole 
lying below the cotyledons, (338). 

Hyp>ogeal: cotyledons remaining beneath 
the ground in germination, (339). 

Hsrpogynous: borne on the torus, or un- 
der the ovary, (307). 

Hypozis 337 

Iberis, 368. 

Immersed, 207. 

Impatiens, 375; collenchyma. Figs. 449, 

521, 522; water-pores, 299, 301; seeds, 

166. 
Imperfect flower: having either stamens 

or pistils, (274). 
Inclusions, 275. 

Indehiscent: not opening, (312). 
Independent plants, 90. 
Indeterminate: growing on from the apex, 

(248). 
Indian hemp, 419. 
Indian pink, 431. 
Indian pipe, 90, 425. 
Indian tobacco, 431. 



Indian turnip, 149, 327. 

India-rubber plant, 271. 276. 297, Fig. 

447. 
India wheat, 350. 
Indigo, 271; false, 383. 
Indusium, 179, Fig. 338. 
Inferior, 152. 
Inflorescence: mode of flower-bearing; 

less properly, a flower-cluster, (260). 
Innocence, 406. 

Insects and flowers, 136, Fig. 227. 
Inula, 442. Inulin, 271. 
Involucre: a whorl of small leaves or 

bracts standing close underneath a 

.flower or flower-cluster, (299). 
Iodine test for starch, 86, 274. 
Ipecac, 271. 

Ipomcea, 411, Figs. 551, 552. 
IridacesB, 337. 
Iris, 338. Fig. 496; cells. 265; family, 337; 

leaf, 297; stems, 285. 
Iron, 76. 
Ironweed, 445. 
Irregular flower: some parts in one series 

different, (275). 
Irrigation, 215. 
I80«tes, 200, 202. Fig. 370. 
Ivy, 10, 100, 113. 277, 287, 292, 297, 299, 

300, Figs. 174, 468, 471; Boston, 100, 

113, Fig. 155; Kenilworth, 405; Fig. 

545; poison, 11. 113, 247, Fig. 421. 

Jack-in-the-pulpit, 149, 276, 327, Fig. 251. 

Jacob's ladder, 417. 

Jamestown-weed, 410. 

Japan quince. 97, 392. 

Japan rose, 390. 

Jeffersonia, 360. 

Jerusalem artichoke, 439. 

Jewel-weed, 166, 230, 280, 375, Figs. 449, 

521, 522. 
Jimson-weed, 243, 410, Fig. 275. 
Joe Pye weed, 444. 
Johnny-jump-up, 369. 
Johnson-grass, 244. 
Jonquil, 336. 
Judas tree, 381. 
Juneberry. 391 ; and birds, 168. 
June-grass, 241. 
Juniper, 164, 326. 

Kafir, 139, 250, Fig. 234. 

Kale, 251. 

Kalmia, 425. 

Karyokinesis: indirect division or trans- 
formation of the nucleus, being one 
means of cell multiplication; mitosis, 
269, (448). 

Kentucky coffee tree, 100. 

Kerria, 390. 

Key-fruit, 156. 



456 



INDEX AND GLOSSARY 



Kinghead, 243. 

Knotweed, 130, 143, 351, Fig. 210. 

Kohlrabi, 33, 251, Fig. 48. 

Labiate, 144, 400. Labiate, 144. 
Laboratory advice, 301; table, Fig. 

477. 
Lactuca, 435. 

Lady's-elipper, 148, 340, Fig. 250. 
Ladies' tresses, 341. 
Lady's thumb, 351, Fig. 514. 
Lake-cress, 21. 
Lambkill, 425. 
Lanceolate, 99. 
Landscape and plants, 210. 
Lappula, 413. 
Larch, 326, Figs. 462. 463; European, 

326. 
Larix, 326. 
Larkfipur, 4, 359; flower, 137, Figs. 224- 

226; fruit, 157, Figs. 269, 270. 
Lateral flowers, 119, Fig. 182. 
Lathyrus, 263, 381. 
Laticif erous tissue, 282. 
Laurel, 425. 
Layer: a branch which takes root and 

gives rise to an independent plant, 

(55). 
Layers of branches, 56, Figs. 93, 94. 
Leaf, bud, 39, Figs. 70, 71; -cutting, 21, 

27, Fig. 41; fall of, 299; how to tell. 103; 

-spot, 92; parts of, 97. # 
Leaflet: one part in a compound leaf, 

(204). 
Leaf-scars, 37, 300, Fig. 57. 
Leaves, arrangement of, 47; fall of, 299; 

general account, 95; polar, 50; propa- 
gation by, 21; sleep of, 49; structure, 

297. 
Legume: simple pericarp dehiscing on 

both sutures, (315). 
LeguminossB, 78, 146, 157, 379. 
Lemon, acid, 271. 
Lens, 132, 248; stand for. Figs. 214, 

425. 
Lenticels, 294. 
Leonurus, 403. 
Lepidium, 368. 
Lespedesa, 251. 
Lettuce, 435; wild, 50, 243, 435, Fig. 

86. 
Leucojum vemum, 337. 

Lichen, 94, 183, 193, 209, Fig. 373. 

Licorice, wild, 426. 

Life-history: sum of the events in the 

life of a plant, (7). 
Light and plants, 42, 223, Figs. 73-78, 

81-85. 
Ligneous: woody, (11). 
Lignin, 266. 



Ligule of isoStes, 201. 

Ligustrum, 421. 

LUac, 4, 61, 420. Fig. 72; bud, 111; inflo- 
rescence, 125; phyllotaxy. 48; stomates, 
299. 

LiUacese. 145, 146, 328. 

Lilium, 329. Figs. 488, 489. 

Lily, 4, 20, 329, Figs. 488, 489; bulb, 33; 
calla, [328, Fig. 486; day-. 331, 332, 
Figs. 279, 491,492; Easter, 330; family, 
328; germination, 133; leaves, 102; 
stomates, 301; tiger, 21, 33, 330. Fig. 
31; straw, 332; Turk's-cap, 330. Fig. 
489; water-, 3, 98, 205, 207, 361; wild 
orange-red, 330; wood, 330. 

Lily-of-the-valley, 18, 334. 

Linaria, 405, Figs. 544, 545. 

Linear, 98, Fig. 150. 

Linneeus, 308. 

Lipped, 144. 

Lithospermum, 414. 

Liverleaf, 356. Liverworts, 193, 201. 

Lobed. 96, 100, Fig. 143. 

Lobelia, 431; ifamily, 431. Lobeliacese, 
431. 

Locule: compartment of a pistil, (310). 

Loculicidal: dehiscence between the par- 
titions, (317). 

Locust, 380; buds. 37; honey, tree. Fig. 
117; pricMes, 109; seed, 166; sleep of, 
49; thorns, 108. 

Lodicule, 152. 

Lonicera, 428, Fig. 554. 

Loosestrife, 423. 

Loquat, 251. 

Lotus, starch, 274. 

Lucerne, 383, Fig. 529. 

Limgwort, 414. 

Lupine, 384. 

Lupinus, 384. 

Lychnis, 354. 

Lycopersicum, 410. 

Lycopus, 400. 

Lysimachia, 423. 

Maclura, 347. 

Macrospore, 182. 

Madder family, 426. 

Magnesium, 76. 

Maianthemum, 333. 

Maidenhair, 180, 323, Fig. 336. 

Maize, 3, 8, 11, 48, 129, 152, 171, 176, 

250, Figs. 9, 14, 230, 231, 317-321. 
Malic acid, 271. 
Mallow, 147, 148, 244, 372, Fig. 248; 

family, 372. 
Maltose, 272. 
Malva, 372. 
Malvaceae, 148, 372. 
Mandrake, 18, 361. 
Mangrove. 12, 20, Fig. 16. 
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Maple, 14, 47. 64, 67, 218, 241, 273, 376. 

figs. 79. 80, 623-526; branching, 56; 

buds, 37, 39, 40, 41, 111; family, 375; 

floitrering, 373; foliage. 65; fruit, 156; 

germination, 178, Figs. 323-330; leaf. 

Figs. 143, 157; leafHscar, 37; phyllotaxy, 

48; sap-pressure, 74; seed, 168; trunk, 

65. 
Marchantia. 193, 197. 202, Figs. 358- 

364. 
, Maie's-taU, 443, Fig. 560. 
Marigold, marsh, 358; pot, 438. 
Mamibium, 403. 
Marsh-oress, 367. 
Marsh mallow, 148, 372. 
Marsh marigold, 358. 
Matthiola, 366. 

May-apple, 18. 22, 361; anther, 135. 
Masrflower, 356. 425 
Maypop, 162. 

Mayweed, 230, 243. 438, Fig. 417. 
Meadow grass, 3. 
Meadow rue, 357. 
Meadow-sweet, 392. 
Medicago, 383, Fig. 529. 
Medick. 383. 
Medlar, 251. 

Medullary rays, 278, 286. 
Melilotus, 383, Fig. 528. 
Melon, 251; fruit, 162; tendrils. 114. 
Menispermum, stem, 287. 289, 294. 
Mentha, 401, Fig. 543. 
Meristematic, 278. 
Mermaid-weed, 208. 
Mertensia, 414. 
Mesophyll, 272, 297. 
Mesophytic society. 228, Fig. 396. 
Micropyle, 171. 
Microscope, slides. Fig. 476. 
Microspore, 182. 
Microtome, 303. 
Midrib. 96, 98. 

Mignonette, inflorescence, 120. 
Mildew, 91, 189, 190, Figs. 348-351. 
MUk thistle, 435. 
Milkweed, 418; family, 417; fruit, 157. 

Fig. 271; seeds, 168, Fig. 303; tissue. 

283. 
Milkwort, 378; family, 378. 
Millet, 152, 250, Fig. 162. 
Milo, Fig. 234. 
Mimulus, 407, Fig. 546. 
Mineral nutrients, 69, 75. 
Mint, 401; family, 400; phyllotaxy, 48. 
Mistletoe, 93, 94, 299. 
Mitchella, 427. 
Mitella, 394. 
Mitosis, 269. 

Mitrewort, 394; lalse, 393. 
Mixed buds, 40; flower-clusters, 123. 
Moccasin flower, 340. 



Mock orange, 62. 395. 

Mock pennyroyal, 401. 

Monadelphous: in one group, (297). 

Moneywort, 423. 

Monkey-flower, 407, Fig. 546. 

Monocotyledons, 102, 327. 

Monoecious: stamibate and pistillate 

flowers on the same plant. (284). 
Monopodial: axial growth continued by 

growth from terminal bud or persis- 
tence of the leader, 117. 
Monotropa, 425. 
Moonflower, 115, 411, Fig. 552. 
Moonseed, stem, 287, 292, Figs. 455-457. 
Moose-wood, 377. 
Morning-glory, 15, ill, 412; family, 94; 

flower, 144, Fig. 240; twiner, 115. 116. 
Morphin, 271. 
Morphology, 105. 
Morus, 347, Fig. 511. 
Mosses, 94, 183, 196. 201. 209, 234. 
Motherwort, 403. 
Mold, 90, 187, 188. 
Moimtain-ash, 391. 
Mounting sections, 303. 
Mucilage, 271. 
Muck, 210. 

Mucor, 188, Figs. 344-347. 
Mulberry, flowering, 389; leaves, 100; 

shoot, Fig. 88; white, 348, Fig. 511; 

wild. 347. 
Mullein. 3, 15. 243, 405, Fig. 22; hairs. 

298; inflorescence, 120; leaf. Fig. 147; 

pink, 354. 
Muscari, 331. 
Muscus, 271. 
Mushroom, 90, 187. 247, 249, Figs. 133, 

134, 419, 420. 
Muskmelon seedlings. Fig. 156. 
Musquash-root, 247. 
Mustard. 243, 247, 251, 365. Fig. 518; 

family, 365; fniit, 160; inclusions, 275; 

pod, 155. 
Mycelium: vegetative part of a fungus, 

(194), 188, Fig. 137. 
Mycorrhiza, 93, Fig. 132. 
Myosotis, 414. 
Myrtle, 419. 
Myxomycetes, 266. 

Nagelia, 298. 

Naked flower: no floral envelopes, 

(273). 
Narcissus, 35, 336; double. Fig. 494. 
Nasturtium, 374; flower, 131, Fig. 211; 

leaf. Fig. 140; tendril, 115. 
Natural selection, 240. 
Nectarine, 237. 
Nectary, 137. 

Needle for dissecting, 132, Fig. 215. 
Nepeta, 403. 
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Nerium, 410. 

Netted-veined, 96, 

Nettle, 230, 348; add, 271; oeUs. 265; 

family, 345. 
Nettle-tree. 347. 
Nicotiana, 411, Fic. 550. 
Nicotin, 271. 

NighUhade, 276, 409; family, 408. 
Nine-bark fruit, 157. 
Nitella, 266. 
Nitrogen, 76, 82. 249. 
Node: a joint; the space between two 

joints is an intemode. 
Nodules, 78, Figs. 126. 127. 
Nucleolus, 264. 
Nucleus, 186, 263. 
Nut-gnass, 244. 
Nutrient, water as, 76. 
Nux vomica, 271. 
NymphseacesB, 361. 

Oak, 14. 93, 233, 271, 286, 287, 343, Figs. 
500-506; branching, 56; -chestnut 
graft. 28; expression in. 66; family. 
342; inflorescence. 121, Fig. 228; mon- 
oecious, 138; poison. 248, Fig. 423; 
transpiration in, 70; where grows, 
207. 

Oakesia, 332. 

Oats, 250. Fig. 426; inflorescence, 121, 
152, Fig. 191; lodged. Fig. 382; roots, 
7; seed. 172; starch, 274, 275. 

Oblong, 98, Fig. 149. 

Obovate, 99. 

Obtuse: blunt, (211). 

CEcology: see ecology. 

(Enothera, 396. 

Offset: a plant arising close to the base 
of the mother plant, (56). 

Oils, 271, 273. 

Okra, 148. 

Old-hen-and-chickens, 20. 

Old-man vine, 359. 

OleacesD, 420. 

Oleander, 419; leaf, 297. 

Olericulture, 250. 

Olive, family, 420; fruit, 161. 

Onagracese, 397. 

Onion. 4, 271, 276, 277; bulb. 33, 34, 35. 
Figs. 49-51; cells, 264; germination, 
178. 

Onoclea, 322. 

Odgonia, 187. 

Odspore, 187. 

Operculum, 198. 

Ophioglossaces. 198. 

Ophioglossum, 198. Fig. 368. 

Opium, poppy, 271. 

Opposite leaves, 47. 

Orange, mock, 62, 395; osage, 48, 108, 
347, Fig. 510. 



Orbicular, 99, Fig. 153. 

Orchid. 271. 341; epiphsrtes. 11. 94; fam- 
ily, 339; flowers, 143, 148. Fig. 250: 
leaves, 102; roots. Fig. 13; stems. 285. 

Orchidaoes, 339. 

Orchis, 341. 

Omithogalum, 331. 

Osage orange, 48, 108, 347, Fig. 510; 
phyllotaxy, 48. 

Osier, 4; dogwood. Fig. 5. 

Osmorrhisa, 399. 

Osmosis, 71, Figs. 123. 124. Osmotic 
pressure, 72. 

Osmimda, 322. Fig. 479. 

Oswego tea, 400. 

Ovary: seed-bearing part of a pistil, 
(272). Fig. 209. 

Ovate, 99, Fig. 152. 

Overgrowth, 232. 

Oxalic acid, 271. 

Oxalis, 49. 166. 374. Fig. 300. 

Ox-eye daisy, 438, Fig. 189.. 

Oxygen, 76; liberation of, 77, Fig. 130. 

Oyster plant, 434. 

PsBonia, 358. 

Paint-brush, 244. 

Painted cup, 407. 

Palet, 152. 

Palisade cells, 297. 

Palisades of Hudson, Fig. 372. 

Palm, 15. 65, Fig. 113; choked by fig. 
Fig. 78. 

Palma Christi, 352. 

Palmate, 96, Fig. 140. 

Panicle: branching raceme, (253). 

Panicum, 170. 

Pansy, 370; flower. Fig. 212. 

Papaver, 271, 362. Papaveraceie. 362. 

Paper bamboo, forest. Fig. 437. 

Papilionaceous flowers, 146, Fig. 245. 

Pappus: peculiar calyx of composites, 
(304). 

Paraffin, 303. 

Parallel-veined, 95. 

Paraphyse, 197. 

Parasite, 90, 200, Figs. 131, 136; vs. 
graft, 22. 

Parenchyma, 266, 278, 297. 

Parnassia, 394. 

Parsley, 121, 399; family, 397. 

Parsnip, 3, 33, 121, 398. 

Parted. 96. 

Partridge-berry, 427. 

Passion flower, 162. 

Pastinaca, 398. 

Pea, 3, 79, 97, 247, 250, 381. Fig. 426; 
black, 384. Fig. 532; everlasting, 166, 
381, Fig. 272; experiment in respira- 
tion, 89; flowers, 146, Fig. 206; germi- 
nation, 171, 173. 174, 178, Fig. 322; 
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legume, 167; nodulei^ on root, 78; pistil, 

129, Fig. 206; stock. 384, Fig. 532; 

sweet, 254, 263, 381, Fig. 245; tendril, 

114, Fig. 177. 
Petfdi, 2, 32, 251, 271. 287, 387, 388, 

Figs. 105, 431, 476, 635; bud, 37, 39, 

40, 41; crystals. 276; fruit, 161; foliage. 

65; family, 379; inclusions. 275; leaf. 

99; phyllotaxy, 48; and nectarine, 237; 

pruning. Figs. 103, 105, 108. 
Peanut, 141, 157, 251, Figs. 237, 238, 

274. 430. 
Pear, 251, 272, 391; bud, 36, 39, 40. 

Ill, Figs. 56, 61, 62. 65-67, 70; dis- 
eases of, 92; fruit, 162, 266, Fig. 293; 

form of, 68, Figs. 118, 119; inflo- 
rescence, 123, Fig. 196; leafnscar, 37; 

phyllotaxy, 48; -quince graft. 27; 

sclerenchyma, 282; thorns, 108. 
Peat, 210. 
Pedicel: stem of one flower in a cluster, 

(261). 
Peduncle: stem of a flower-cluster or of a 

solitary flower, (261). 
Pelargonium, 374. 
Peltate: attached to its stalk inside the 

margin, (209), Figs. 135, 140. 
Pentamerous: in 5's, (291). 
Pentstemon, 406. 

Peony, 358; fruit, 157; stomates, 299. 
Pepo: fruit of pumpkin, squash, etc., (326). 
Pepper-grass, 243, 368. 
Pepper, red. 4, 410. Fig. 547. 
Peppermint. 401. 
Pepper-root, 367. 
Perennial: of three or more seasons' 

duration, (10). 
Perianth: floral envelopes of lily-like 

plants (more properly of monocoty- 

ledonous plants), (295). 
Periblem, 279. 

Pericarp: ripened ovary, (311). 
PerichsBtia. 197. 
Perigynous: borne around the ovary, 

(306). 
Peristome, 198. 
Perithecium, 190. 
Periwinkle, 419. 
^Persimmon, 271. 

Persistent: ren-aining attached, (216). 
Personate, 145, Fig. 243. 
Peruvian bark, 271. 
Petal: one of the separate leaves of a 

corolla, (266), Fig. 209. 
Petiole: leaf-stalk. (206). 
Petiolule: stalk of a leaflet, (208). 
Petunia. 410, Figs. 548, 549. 
Phaseolus, 384, Figs. 530, 531. 
Phellogen, 293. 
Phenogam: seed-bearing oi flowering 

plant. (363). 324. 



Philadelphus. 395. 

Phloem, 283. 

Phlox. 144. 233, 416, Fig. 241; family, 
416. 

Phosphorus. 76. 

Photosynthesis: the making of organio 
matter from CO 2 and water, in the 
presence of light, (177, 178). 

Phyllodium: leaf-like petiole, (226). Fig. 
163. 

Phyllotaxy: arrangement of leaves and 
flowers on the stem; (112). 

PhysaUs, 409. 

Physostegia, inflorescence. Fig. 186. 

Picea. 325, Fig. 483. 
. Pie-plant, 350. 

Pigeon-grass, 243. 

Pigweed, 3. 67, 239. 242. 243. Figs. 
406, 408, 411. 

Pine, 15, 93, 162, 232, 249, 281, 394, Figs. 
10, 19, 421-423, 451, 462, 481, 482; and 
cone. Fig. 299; foliage. Fig. 158; ger- 
mination, 171; and light, 44; needles, 
102; pollination, 138; shoot. Fig. 158; 
stem. Figs. 461. 466; trees, Figs. 388. 
390; wood structure, 267, Fig. 440. 

Pine-sap, 425, 426. 

Piney, 258. 

Pink. 4, 159, 353; family, 363; fire, 354; 
grass, 342; wild. 354. 

Pinna. 321. Pinnules, 321. 

Pinnate. 95. Fig. 141. 

Pinnatifid. 97. 

Pinus. 324. Figs. 481. 482. 

Pinxter flower, 425. 

Pistil: ovule-bearing or seed-bearing or- 
gan. (271), Figs. 206-209. 

Pistillate: having pistils and no stamens. 
(274), Figs, 190, 229, 230. 

Pisum. 381. 

Pitchforks, 440, Fig. 658. 

Pits, 267. 

Plane tree, leaf-scar. Fig. 474. 

Plankton, 207. 

Plantain, 243. inflorescence. 120l 

Plant-breeding, 240. 

Plant-food, defined, 69. 

Plant society, 228. 

Plastid, 263, 264. 

Plerome, 279. 

Pleurisy root, 418. 

Plum, 20, 251, 254, 387, 388, Figs. 637, 
538; blossom, 162, Fig. 209; bud, 39; 
drupe, 161, Fig. 289; phyllotaxy', 48; 
pollination. Fig. 218; thorns, 108. 

Plumule: bud in the embryo, (332). 

Plur-annual: of one season's duration 
because killed by frost, (14). 

.Pod: dehiscent pericarp. (312). 

Podophyllum. 361. 

Pogonia. 342. 
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Poinsettia, 302; bracts, 110; starch. 273. 

274. 
Poisonous plants, 247. 
Polarity, 50. 
Polemoniacese, 416. 
Polianthea. 337. 
PjUards, 56, Fig. 92. 
Pollen germinating, Figs. 218, 219. 
Pollen: spores borne by the stamen. 

(270), 133, Figs. 218, 219. 
Pollination: transfer of pollen from sta- 
men to pistil, (276). 
PoUinium : pollen in a coherent mass, (301 ). 
Polyanthus, 422. 
Polygalacese, 378. 
Polygonacese', 349. 
Polygonatum, 334. 

Polygonum, 351, Fig. 514; climbing, 112. 
Polyhedral, 263. i 

Polypetalous: corolla of separate parts or 

petals, (267). 
Polypode, 180. 323, Figs. 333, 334. 
Polypodium, 180, 323. 
Polyporus, Fig. 135. 
Pol3rsepalous: calyx of separate parts or 

sepals, (267). 
Polystichum, 323. 

Polytrichum commune, 196, Figs. 365-367. 
Pome: fruit of apple, pear, etc., (324). 
Pomology, 250. 
Pond-IUy, 361. 
Poplar, 231; bud. 36; cuttmgs, 26; 

dioecious, 138; inflorescence, 121; 

Lombardy, 64; phyllotaxy, 48; seeds. 

168. 
Poppy, 326; family, 362; opium, 271. 

362. 
Pores, 79, 83, 88. 

Portulaca, 169, 371; fruit. Fig. 280. 
Portulacaces, 371. 
Potassium. 76. 
Potato, 4, 16, 19, 32, 35, 68, 77, 160, 249. 

251, 254, 409, Fig. 24; cells, 265; 

cuttmgs, 23; flower, 144, Fig. 242; 

inclusions, 275; phyllotaxy, 49; sprouts, 

31, 84, 90, Fig. 45; starch, 31,- 274, 

275, Fig. 42; stem, 287; sweet. 16, 32. 

Fig. 204; -tomato graft, 28. . 
Potentilla, 386. 
Pot marigold, 438. 
Prickles, 109, Figs. 169, 170. 
Prickly ash, 109, Fig. 169. 
Prim, 421. 

Primrose, 422; family, 422. 
Primula, 298, 422. Primulacee, 422. 
Prince's feather, 351. 
Privet, 62, 421. 
Promycelium, 191. 
Propagation by buds, 21; leaves. 21; 

rhizomes, 18; roots, 19. 
Prosenohyma. 280. 



Proserpinaca. 208. 
Proteids. 271. Protein, 271. 
Proterandrous: anthers maturing first. 

(280), Fig. 222. • 
Proterogsnious: pistils maturing fiibt, 

(280). 
Prothallus, 180. Fig. 339. 
Protocoocus. 263. 
Protonem a.- 19j3. ^ 

Protoplasm^ 7D^88^486, 263. 
ProB^Ua, 402. 
Pruning, 59, 60. 
Prunus, 387, Figs. 535-639. 
Pseud-annual: perennial by means of 

bulbs, corms, or tubers, (13). 
Pteridophjrte, 183. 
Pteris, 267, 289, 323, Fig. 456. 
Puccinia, 190, 192, Figs. 352-357. 
Puccoon, 414. 
Pulse family, 379. 
Pumpkins, 251, 289; and collenchsrma, 

280; com, 221, Fig. 385; flower. 144; 

fruit. 162; germination, 174; hairs, 298; 

leaf, 100; roots. Fig. 121. 
Purslane, 159. 241. 242. 243, 371; family, 

371. 
Pusley. 371. 

Pussies of willow. 121. Fig. 60. 
Pyrus, 391. 
Pjrxis: pod opening around the top. (317), 

Fig. 280. 

Quack-grass. 18. 19. 242, 244, Fig. 27. 
Quercus. 343, Figs. 500-506. 
Quillwort, 200. 

Quince, 251, 271. 391; fruit. 162; Japa- 
nese. 97; -pear graft, 27. 
Quinin. 271. 

Raceme: simple elongated indeterminate 
cluster with stalked flowers. (249), 
Figs. 184, 197. 

Radicula, 367. 

Radish, 7, 12, 17, 33, 69. 70, 75, 368, Figs. 
11, 120; and light, 43. Fig. 75; fruit. 
160. 

Ragweed, 209, 230, 233, 243, 436, Figs. 
416, 556. 

Ranunculacese, 355. 

Ranunculus, 357. 

Rape, 251. 

Raphanus, 368. 

Raphe, 172. 

Raphides, 276. 

Raspberry, 20, 21, 251, 389; and birds, 
168; fruit, 160, 161, Fig. 290; leaf. Fig. 
142; pruning, 61, Figs. 106. 107. 

Rattlesnake plantain, 341. 

Rattlesnake-weed, 436. 

Ray: outer modified florets of some com- 
posites. (305). 
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Receptacle, 128; of liverwort, 194; of 

moes, 197. 
Receptive stisma, 134. 
Redbud. 381. 

Redroot, 242, Figs. 406, 411. 
Regular flower: the parts in each series 

alike, (275). 
Reinforced fruit: other parts grown to 

the pericarp, (311), 161. 
Reniform, 99. 
Respiration: taking in O, giving o£f 

CO9. 82, (187); in seeds, 173. 
Resting bud, 36, 61. 
Resting-spore, 186. 
Rheum, 350. 
Rheumatism root, 360. 
Rhisoid, 186. 
Rhisome: underground stem; rootstock, 

(44), Figs. 22-24, 27-29; propaga- 
tion by, 18; starch in, 31. 
Rhododendron, 425; anther, 135. 
Rhodora, 425. 
Rhubarb, 3, 45, 350, Figs. 81, 82; bud, 

36. 
Rhus. Figs. 421, 423. 
Ribbon grass, 86. 
Ribes, 395, Figs. 540-542. 
Rice, 152, 249, 250; starch in, 274, 275. 
Richardia, 328, Fig. 486. 
Ricinus, 352. 

Rings of annual growth. 111. 
Robinia, 380; spines, 109. 
Robin's plantain, 443. 
Rock cress, 366. 
Root, 2, 7, 69, Fig. 120; action, 69; aSrial, 

10, Figs. 12-14; climbers, 112, Fig. 174; 

cutting, 20; growth. Figs. 25, 26; -hairs, 

9, 69, Figs. 11, 121, 122, 125; -pressure, 

73, 81; propagation by, 19; structure, 

69, 295; system, 7; tuber^ 32. 
Rootlets, 69, Figs. 120, 125. 
Rootstock: subterranean stem; rhisome, 

(44); propagation by, 18. 
Rosa, 390. 
Rosacese, 385. 
Rose acacia, 62, 380. 
Rose, 4, 249, 251, 390; climbing, 112; 

cutting, Fig. 35; family, 385; hip, 161. 

Fig. 292; mallow, 373; -moss, 371, Fig. 

280; of Sharon, 62, 373; prickles, 109; 

swamp, 390; variation, 238. 
Rotate, 144. Fig. 242. 
Round-headed trees, 64, Figs. Ill, 112. 
Rubber, 249. 
Rubiacese, 426. 
Rubus, 389. 

Rudbeckia, 438, Fig. 557. 
Rue anemone, 357. 
Rumez, 350, Fig. 512. 
Runner: a trailing shoot taking root at 

the nodes, (56). 



Russian thistle, 170, 243, Fig. 114. 
Rust, 91, 190, Figs, 352-357. 
Rutabaga, 251. 
Rutland beauty, 412. 
Rye, 249; flower, 151, 152, Fig. 260; 
-pollination, 138. 

Sage, common, 401; scarlet, 110, 401. 

Salsify, 33, 434. 

Salt-loving societies, 228. 

Salverform, 144, Fig. 241. 

Salvia, 401. 

Samara: indehisoent winged pericarp, 
(312). 

Sambucus, 429. 

Sand-dune plants. Fig. 397. 

Sanguinaria, 363. 

Sap, 72; descent of, 87; -pressure, 73L 

Saphrophyte, 90, Figs. 133-135. 

SapindacesB, 375. 

Saponaria, 354. 

Sassafras, 143. 

Savin, 327. 

Saxif ragacese, 393. 

Saxifrage, 276, 393. 

Scalariform: with elongated markngs, 
(446). 

Scaly bulb, 33. 

Scape: leafless peduncle arising from the 
ground, (262), Fig. 200. 

Sclerenchyma, 267. 282. 

Sclerotic tissue, 282. 

Score-card, 254. 

Scramblers, 112. 

Scrophularia, 406. 

Scrophulariacese, 404. 

Scutellaria, 402. 

Seaweeds, 181, 185. 

Secondary thickening, 291. 

Sedges, leaves, 102. 

Seed, coats, 171; disi>ersal, 166; dormant, 
2; starch in, 31; -variations, 237. 

Segments, 145. 

Selection, 239. 

Self-fertilisation: secured by pollen from 
same flower; close-fertilization, (278). 

Self-heal. 402. 

Self-pollination: transfer of pollen from 
stamen to pistil of same flower; close- 
pollination, (278). 

Seneca snakeroot. 379. 

Senna. 385. 

Sensitive fern, Fig. 437. 

Sepal: one of the separate leaves of 
a calyx. (266). Fig. 209. 

Septicidal: dehiscence along the parti- 
tions, (317). 

Serrate: saw-toothed, (212). 

Service berry, 391 

Sessile: not stalked, (207), Fig. 301. 

Shadbush, 891. 
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Shade and plants, 223. 

Shadows in trees, 66. 

Sharon, rose of, 62, 341. 

Sheepberry, 429. 

Shelf fungus. Fig. 135. 

Shepherdia, hairs, 298, Fig. 469. 

Shepherd's purse, 242, 368; capsule, 160, 

Fig. 286. 
Shoot: a new plant from root of old 

plant, (53). 
Shooting star, 422. 
Shrubs: plants that remain low and 

produce shoots from base, (15). 
Sickle-pod, 366. 
Sieve tissue, 280. 
Silene, 354. 

Silicle: short fruit of Cniciferse, (318). 
Silique: long fruit of Cniciferse, (318). 
Silkweed, 418. 
Silviculture, 257. 
Simple leaf, 95, Fig. 138. 
Simple pistil: of one carpel, (271), Fig. 

207. 
Simple stem. 15, Fig. 20. 
Sisyrinchium, 338. 
Skullcap. 402. 
Skunk cabbage, 149. 150. 233, 276, 327. 

Fig. 446. 
Sleep of leaves, 49. 
Slips, 23. 
Smartweed, 130. 143. 156, 230, 351, Fig. 

514. 
Smilacina, 333. 

Smilaz of florists, 107. 333, Fig. 493. 
Smilaz tendril, 115. 
Snakehead, 406. 
Snapdragon, 145, 406. Fig. 243. 
Snowball, 131, 153, Figs. 264, 265; 

Japanese, 429. 
Snowberry, Fig. 287. 
Snowdrop, 336, Fig. 495. 
Snowfiake, 337. 
Soapberry family, 375. 
Soapwort, 354. 
Societies, 228. 
Sod society, 231, Fig. 399. 
Softwood cutting, 23. 
Soil and plants, 209, 213. 
SolanacesB, 408. 
Solanum, 112. 248. 
Solidago, 442. 

Solitary flowers, 119, Fig. 181. 
Solomon's seal, 18, 334; false, 333; two- 
leaved, 333. 
Sonchus, 435. 
Soredia, 193. 
Sorghum, 139, 152, 250, 273, 276, Figs. 

20, 232-234. 
Sori, 9, 191. 

Sorrel, 166. 243, 360. Fig. 612. 
Sow thiatle. 435. 



Soybean. Fig. 126. 

Spadiz: thick or fleshy spike of certain 
plants, (302). Figs. 198, 251. 

Spanish moss, 94. 

Spanish needles, 440. 

Spathe: bract surrounding or attoidiDC 
a spadix, (302), Fig. 251. 

Spatterdock, 362. 

Spatulate, 99. 

Spearmint, 402. Fig. 643 

Species. 808. 

Specularia, 430. 

Speedwell, 408. 

Spencer, quoted, 240. 

Spermaphytes, 183. 

Sp>ermatozoids, 197. 

Sperm-cell, 187. 

Sphagnum moss, 210, Fig. 374. 

Spider-lily, 301. 

Spiderwort, 264, 266, 835, Fig. 438; 
family, 334. 

Spike: compact, more or less simple, in- 
determinate cluster, with flowers ses- 
sile or nearly so, (250), Figs. 185, 186, 
197. 

Spjkelet: a secondary spike; one of a 
compound spike, (306). 

Spikenard, false, 333. 

Spines, 108, 109, Fig. 168. 

Spiranthes, 341. 

Spirea, 392; inflorescence, 121, Fig. 193. 

Spirogsrra, 185, 186. 201. 263, 266, Fi«pB. 
340, 341. 

Spleenwort, 323. 

Sporangia, 186; of ferns, 179; stamens, 
129. 

Sporangiophore, 188. 

Spore: a simple reproductive body, usu- 
ally composed of a sin^e detached cell 
containing no embryo. 5. 92. (344), 
187. 

Spore-case. 179. 

Sporodinia, 189. 

Sporogonium, 196. 

Sporophyll, 183. 

Sporophyte, 181, 201. 

Spring beauty, 371. 

Spruce, 14, 15, 64, 98, 232, 326, Fig. 483; 
and light, 44; leaf, 102. 

Spruce, 162; cone. Fig. 298; seed. Fig. 297. 

Spurge, 110, 352; family, 351. 

Squash, 251, 289; fruit, 162, Fig. 296; 
germination, 171, 178; cell, 264, 266; 
leaf, 100; prickles, 109; root-pressure, 74. 

Squaw-vine, 427. 

Squirrel com, 364. 

Stamen: pollen4>earin organ, (270), Figs. 
206,209. 

Staminate: having stamens and no pis- 
tils, (274), Figs. 228-230. 

Stapd, dissecting, 132, Fig. 217. 
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Stand for lens, 132, Fig. 214. 

Staphylea, 378. 

Starch, 271; and sugar, 246; as plant- 
food, 64; discussed, 273, Fig. 444; how 
made, 78, 85; storage of, 31. 

Star-grass, 337. 

Stat* of Bethlehem, 331. 

Star-thistle, 441. 

Stellaria, 355, Fig. 516. 

Stellate, 263, 298. 

Stem: how elongates, 16; growth. Figs. 
25, 26: system, 13, Fig. 17; tubers, 32. 

Stemless plants, 14. 

Sterile flower: no stamens or pistils, (274). 

Steven, quoted, 303. 

Stick-seed, 413. 

Stick-tight, 169, 243. 413. Fig. 418. 

Stigma: part of the pistil which receives 
the pollen, (272), Fig. 209. 

Stipel: stipule of a leaflet, (208). 

Stipule: a certain basal appendage of a 
leaf, (206). 

St. John's-wort, 130, 371, Figs. 208, 278; 
family, 370. 

St. Peter's wreath. 392. 

Stock, 366. 

Stock: the part on which the cion is 
grafted, (70). 

Stolon: a shoot which bends to the 
ground and takes root, (56). 

Stoma, 301. Stomate, 79, 83, 88, 192, 
298, 301. 

Stone fruit, 161. 

Strawberry, 15, 20, 232, 249, 251, 387, 
Figs. 533, 534; fri^jt, 160, 161, Fig. 
291. 

Straw lily, 332. 

Strict stem system, 15. 

Struggle for existence, 52, 218. 

Strychnin, 271. 

Style: elongated part of the pistil be- 
tween the ovary and stigma, (272), 
Fig. 209. 

Stylophorum, 363. 

Suberin, 266. 

Subterranean stem, 15; propagation by, 
18. 

Suckers, 54; of fungi, 91. 

Sugar, 270; cane, 250, 273, Fig. 428. 

Sulfur, 76. 

Sumac, 300; poison, 248, Fig. 422. 

Summer-spore, 190. 

Sundrops, 396. 

Sunflower, 3, 19, 233, 267. 439, Figs. 3, 4, 
23, 28; family, 431; inflorescence, 
120, 150, 151, 153, Fig. 188; trans- 
piration in, 79. 

Sunlight and plants, 42, 88, 223. 

Supernumerary buds: more than one in 
an axil, (88). 

Survival of the fittest, 24a 



Swarm-spore, 186. 

Sweet alyssum. 160, 368. Fig. 519. 

Sweet briar, 390. 

Sweet Cicely, 399. 

Sweet clover, 243, 251, 383, Figs. 184, 

528. 
Sweet potato, 16, 32, 412. Fig. 204. 
Sweet sultan, 442. 
Sweet William, 353, Fig. 615. 
Swelling, 92. 

Sycamore, 294; leaf-scar. Fig. 474. 
Symbiosis, 193. 
Symplocarpus, 327. 
Sympode, 117, Fig. 180. Sympodial: 

axial growth continued by successive 

lateral shoots, 117. 
Syngenesious: anthers united in a ring. 

(304). 
Syringa, 395, 420. 

Table for laboratory work. Fig. 477. 

Tabular, 263. 

Tamarack, 326. 

Tanacetum, 439. 

Tangle-berry, 424. 

Tannin, 271. 

Tansy, 439. 

Tap-root, 7, Fig. 8. 

Taraxacum, 434. 

Tare, 381. 

Tea plant, Fig. 90. 

Teasel, 3, 244. 

Tecoma, capsule. Fig. 285. 

Teleutospore, 191. 

Tendrils, climbers, 112, 113, Figs. 176- 
177; roots as, 10; as leaves, 105. 

Terminal bud, 37, 50, Figs. 58-87. 

Termin'al flowers, 119, Fig. 181. 

Terrestrial, 207. 

Teucrium, 402. 

Thalictrum, 357. 

Thallophyte, 183, 185. 

Thallus, 185. 

Thinning, 258, Figs. 432, 433. 

Thistle, 150, 169, 243, 441, Figs. 253- 
255; Canada, 19, 22, 242. 244. 441, Fig. 
409; Russian, 170, 243, Fig. 114; seed, 
168; inflorescence, 120. 

Thorns, 108, Figs. 164, 167. 

Thoroughwort, 444. 

Thuja, 326, Fig. 485. 

Thyrse: compound cluster with main 
axis indeterminate and branches deter- 
minate, (259). 

Tiarella, 393. 

Tickseed, 440. 

Tiers of branches, 56, Figs. 93, 94. 

Tiger Uly, 21, 33, Fig. 31. 

Tillandsia, 94. 

Timber crop. 249, 266. 

Ti88uea.278. 
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Toad-flax, 19, 22. 244, 405, Fig. 544; 

flower, 145; fruit, Fig. 281; pollinatioa, 

137, Fig. 227. 
Toadstools, 187. 
Tobacco, 251, 271, 411. 
Tomato. 4, 75. 251, 410; fruit, 160; 

-potato graft, 28. 
Tooth-wort, 366, Fig. 266. 
Torus: part or organ to which the parts 

of the flower are attached; upper end of 

the flowernstalk, (268). 
Touch-me-not, 166, 375, Fig. 449. 
Toxylon, 347, Fig. 510. 
Tracheids, 281. 
Tradescantia, 264, 265. 266, 276, 335, 

Fig. 438; stomates, 299. 
Tragopogon, 434. 
Trailing stems, 14, Fig. 18. 
Transpiration: giving off of water, (157, 

166), Figs. 128, 129. 
Trees: plants that produce one main 

trunk and an elevated head, (15); 

and wind, 213, Figs. 379-381; forms of, 

64, Figs. 111-113, 116-119; roots, 7. 
Trifolium, 382. Fig. 527. 
Trillium, 145, 233, 332, Fig. 244. 
Trimerous: in 3's, (291). 
TropsBolum, 374. 
Trumpet-creeper, 10, 113, 160, Figs. 12, 

285. 
Truncate: squared as if cut off, (211), 

Fig. 154. 
Trunk, form of, 65. ' 

Tsuga, 326, Fig. 484. 
Tuber: short congested part, (78). 
Tuberose, 337. 
Tulip, 330. 

Tulip-tree, leaf. Fig. 154; seed, 168. 
Tumble-grass, 170. 
Tumble-weeds, 170. 
Tunicated bulb, 33. 
Turnip, 33. 251, Fig. 47; fruit, 160; 

root-hairs, 12; starch in, 31. 
Turtlehead, 406. 
Tussilago, 442. 
Twiners, 112, 115. 
Twin-leaf, 360. 
Type, 236. 

Ulmus. 346. Figs. 507-509. 

Umbel: corymbose cluster with branches 

of about equal length and arising from 

a common point, (255). 
Umbellet: secondary umbel, (255). 
Umbelliferse, 121, 122, 247, 397. 
Uncinula, 189. 
Undergrowth, 232. 
Undulate: wavy, (212). 
Uredospore, 192. 
Urtica, 348. 
Urticaoese, 345. 



Utricularia, 71, 207. 
Uvularia, 332. 

Vaccinium, 424. 

Vacuole, 264. 

Valves: separable parts of a pod, (312)< 

Variation, 236. 

Variety, 236. 

Vascular, 263, 278, 282. 

Vase-form trees, 64, Fig. 112. 

Vaucheria, 186, 187, 263, Figs. 342, 343. 

Velum, 201. 

Velvet leaf, 373. 

Venation: veining, (203). 

Venus* looking-glass. 430. 

Verbascum, 298, 405. 

Verbena. 403; cutting, 25, Fig. 37. 

Verbenaceae, 403. 

Vemonia, 445. 

Veronica, 408. 

Verticillate: with three or more leaves or 

flowers at one node, (113). 
Vervain, 403; family, 403. 
Vetch, 251, 381; nodules on root, 78. 
Vetchling, 381. 
Viburnum, 429. 
Vicia, 381. 
Vigna, 384. Fig. 532. 
Vinca, 419. 
ViolacesB, 369. 
Violet. 3, 233. 249. 369; oleistogamoiu, 

140. Fig. 236; seeds, 166; family, 369. 
Viper's bugloss, 415. 
Virginia creeper, tendril, 113, 114, 117, 

Fig. 175. • 
Virgin's bower, 339. 

* 

Wahoo. 294. 

Wake-robin. 332. 

Wallflower, fruit, 160; hairs, 298. 

V/alnut, 155; buds. 37, 138; inflorescence, 

121, Fig. 190. 
Wandering Jew, 335. 
Water arum, 328. 
Water cress. 367. 
Water hoarhound, 400. 
Waterleaf, 415; family, 415. 
Water-lily. 3, 98, 205, 207, 361; family, 

361; and mineral nutrients, 69, 75; 

fungi, 266. 
Watermelon, 251. 
Watersprout, 54. 
Wax-work, twiner, 115. 
Weeds, 220, 230, 241. 
Weigela, 61, 429. 
Wheat, 77, 152, 221. 242. 249, 250, 254; 

field, 68. 225, Fig. 384; flower, 151. Fig. 

259; germination, 173; inclusions, 276, 

Fig. 445; India, 350; starch, 274, 275; 

roots, 7; rust, 189, 190, Figs. 352-357. 
Whiteweed, 150, 242, 438, Fig. 189. 
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Whorl: three or more leaves or flowers 
at one node, (113). 

Wild geranium. Fig. 195. 

Wild oats, 332. * 

Willow: buds, 39, Figs. 60, 91; cuttings, 
21, 26; dicBcious, 138; expression in, 
66; inflorescence, 117, Fig. 229; leaf, 
99, Fig. 145; mildew. 189, Figs. 348- 
351; phyllotaxy, 48; pussies, 121, Fig. 
60; seeds, 168. 

Willow-herb, 394. 

Wilting, 80. 

Wind and plants, 138, 213. 

Windflower, 366. 

Winter bud. 36. 50, 61. 

Winter-cress. 366. 

Wintergreen. 424, Fig. 22; anther, 135; 
fringed, 140. 



Wistaria, 115, 380. 
Witch-haael, 166. 
Wood-sorrel, 166. 374. 
Wood tissue, 281. 
Woody structure, 3. 

Xanthium, 436, Fig. 555. 
Xerbphytic society, 228. 
Xylem, 283. 
Xylol, 302, 303. 

Yarrow. 437. 
Yeast, 263. 
Yew. fruit, 164. 

Zebrina, 335. 

Zone societies. 233, Fig. 403ii 

Zygospore. 186. 



Printed in Uie United States of Americck 



DD 



